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INTRODUCTION 



The following equations show the complete logic flow for each instruction in terms of phase 
and clock. This logic breakdown per instruction indicates the logic terms involved during 
each clock time of every phase. 

The right-hand columns contain remarks concerning an equation or group of equations. 

The logical derivation of the B Register during Rsa, Brl, and A12, is illustrated in detail 
in Appendix A. 

The last instructions have the heading "UDI". These are unassigned operator codes. 



HLT 1 



■>o 



HLT 



Halt 



4 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

80(1,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 

Sc 

rS(l-14) 

Sxp 

sSl 

sS2 

sS(3-14) 

sHt 

Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rGO 

rRf 

rJu 

Oc 

rO (1,3,4,5,6) 

s02 



T4 



T3 



TO 
Tr 



= T8(TsTsr) 

- 0OT8 __ 

- (0OT8IaC2C5C~B(C3+C4)) 

- ( " ) 

- T8 

- 0OT8IaC2C5C8(C3+C4) 

■ (0OT8IaGO)C2 

- 0xcC(3,5,6,7,8) 

■ OxcC4_ 

- (01020304)Q1 

= A(21-23)AnrAr3 
= A( " ) » 

- A(0-20)Ar3 
= "A( " ) " 

* B(21-23)BnrAr3 

- B( " ) 

* B(0-20)Ar3 
» B( " ) " ■ 

- 05(A5O+GO) 

38 (FIGO) ^^^ 

* (FlGO(o5b^0506))(P12S(P13P141a)) 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



)(FE 

)(pi: 
)CpT 

)(pu 



;pi3P14Ia)) 
;Pl4Ia) ) 

■*) 



Recirculate A 

Recirculate B 
last cycle 

P+l -*P 



T7 thru TO 



T7 thru TO 



T7 thru T3 




) (PT4pa) 

« (p12p13pU)Q2F1 
» P(0-ll)Pr3 

= T( »• )j; 

= T4(End+FlF2)Inr 

- Sc 

= T3 Int ( End+JuEax ) GO+t: 

= (F1GO(02040506)) (Pl39(Pl4la))Sxp 

= ( " )) (P14£Ea)Sxp 

- P(0-U)Sxp 
= 05TOO1O2O5 

= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= M( " ) " 

= TrFl s __ _ sbb 

= Tr(FlF3)(G0Ht) 
= Tr __ 
= TpEndSk 

= ( " ) 
= ( ". jHt 
= Tp01(GOHt) 

= Tp __ 
= TpEndSk 
= Oc 
= Oc 



Clear S 

P-+ S 

initiate Halt (Set Halt light) 

M-*C Tr + Tp 

00 next clock (T8) 
Machine enters HALT Status 

NOP (20) -*0 



HLT 2 



00 


T8 


rC24 


= T8(TsTsr) 






rCz 


= 0OT8 






sFl 


= T8G0 






sF3 


= T8G0 




T7 


sHz 
Ar3 


= T8 


05 


= (6l026304)Ql 






sA(0-2) 


= A(21-23)AnrAr3 






rA( " ) 


= T( " ) 






sA(3-23) 


= A(0-20)Ar3 






rA( " ) 


= A( " ) " 






sB(0-2) 


= B(21-23)BnrAr3 






rB( " ) 


= ¥( " ) 






sB(3-23) 


= B(0-20)Ar3 






rB( " ) 


= B( " ) " 






End 


= 05(ADT>+GO) 




T4 


Sc 


= T4(End+FlFl)Inr 






rS(l-U) 


= Sc 




Tr 


rla 


= TrFl 






rRc 


= xr 




Tp 


rFl 


= TpEndST 






rF3 


- ( " ) 






rGO 


= ( " )Ht 






rJu 


= Tp 






Oc 


= TpEndSlc 






rO(l,3,4,5,6) 


= Oc 






s02 


= Oc 



05 next (17) 



Recirculate A T7 thru TO 



Recirculate B T7 thru TO 

last cycle 
Clear S 



00 next clock (T8) 
Machine enters HALT Status 

NOP (20) -> 



The Computer is now in Halt status and will remain in this state until the 

mode switch is placed on "IDLE". The following shows what takes place in "IDLE", 



HLT 3 



00 T8 


rC24 


- T8(TsTsr) 




rCz 


-= 0OT8 




sFl 


- T8GO 




sF3 


- T8GO 




rHt 


- T8@^CpGT5 




sHz 


» T8 


05 T7 


Ar3 


- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


-X( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


-T( " ) 




sB(3-23) 


« B(0-20)Ar3 




rB( " ) 


= "B""( " ) " 




End 


- 05(AOO+GO) 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-14) 


■ Sc 


Tr 


rla 


■ TrFl 




rlx 


- Tr(FtF3)(GOHt) 




rRc 


■ Tr 


Tp 


rFl 


= TpEndSk 




rF3 


■ ( " ) 




rRf 


«= TplJI(GOHt) 




rJu 


■ Tp 




Oc 


= TpEndP: 




rO(l,3,4,5,6) 


as OC 




s02 


■ Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Clear S 



00 next clock (T8) 



NOP (20) ->0 



T7 thru TO 



T7 thru TO 



The Computer is now in Idle status and will remain in this state. until the 
mode switch is placed on "RUN or STEP". The following shows what takes place 
when the mode switch is placed on "RUN", 



HLT 4 



00 T8 


rC24 


= T8(TsTsr) 




rCz 


= 0OT8 




sFl 


= T8GO 




sF3 


= T8GO 




sHz 
Ar3 


= T8 


05 T7 


= (01020304)Q1 




sA(0-2) 


= A(21-23)AnrAr3 




rA( » ) 


= ~K( " ) 




sA(3-23) 


= A(0-20)Ar3 




rA( " ) 


= X( " ) " 




sB(0-2) 


= B(21-23)BnrAr3 




rB( " ) 


= !"(") 




sB(3-23) 


» B(0-20)Ar3 




rB( «' ) 


-Y( " ) " 




End 


= 05(AOO+GO) 


T4 


Sc 


= T4(End+FlF2)Inr 




rS(l-14) 


= Sc 


Tr 


rla 


= TrFl 




rRc 


« Tr 


Tp 


rFl 


= TpEndSk 




rF3 


- ( " ) 




sGO 


= AOOBOOTpHt (J^^j 




rRf 


= Tp^l(GOHt) 




rJu 


= Tp 




Oc 


= TpEndSk 




r0(l,3,4,5,6) 


= Oc 




s02 


= Oc 



^)Tem 



05 next (T7) 



T7 thru TO 



T7 thru TO 



Recirculate A 

Recirculate B 

last cycle 
Clear S 



00 next clock (T8) 

Machine enters normal run status 



NOP (20) ->0 



The Computer is now in normal run status with the contents of the C 
register about to be executed 



BRU 1 



BRU 



Unconditional Branch 



M -*P 



1 Cycle 



00 



T8 


rCz 


- 0OT8 




sHz 


m T8 




six 


- C1GO0OT8 




sJu 


- IaGOC5cSC8C9T8 




Oxc 


- HGOC20OT8 




80(1,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


" C40xc 


T7 


Ar3 


* (0102o3o4)Ql 




sA(0-2) 


- A(21-23)2GirAr3 




rA( » ) 


* X( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


» B(21-23)EnrAr3 




rB( " ) 


-7( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


- B( " ) " 




End 


■ JuEaxC 7 ! 




Cr3 


- Fl¥2(fsQl) 




sCO 


- (P12)JuTsCr3Cj& 




rCO 


- <m 




sC(l,2) 


- P(13,14)JuTsCr3Q2 




rC( " ) 


- P"( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- 7T( *' ) " 




sCp 


- (C21®C223£23)CpTl5HtQl7TF2 




rCp 


- ( " )Cp 




Pr3 


- JuQ2 




sP(0-2) 


« Add(l-3)(JuEax+020"3oB06)Pr3 




rP( " ) 


= Md"( » )( » ) " 




sP(3-14) 


■ P(0-ll)Pr3 




rP( " ) 


-T( " ) " 




Xz(l-3) 


- Xn(l-3)0OIx 




Xz( " ) 


- Xn( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)$7 




W( » ) 


- C"( " ) " 




sCz 


- KzQITO 




rCz 


» KzQl 


T4 


Sc 


- TnrFlFST4 




rS(l-14) 


« Sc 


T3 


rCO 


- (JuTSCr3)Q4Q6 




Sxp 


■ XntEndG0T3 




sS(l,2) 


« Add ( 2 , 3 ) (JuEax-K)Sd"ZiO"30 6) Sxp 




sS(3-14) 


- P(0-ll)Sxp 


T2 


rC(l,2) 


- (JuTsCr3)T2 


Tl 


sC(l,2) 


- (JuTsCr3)Em(l,2)Tl 




rC( " ) 


- ( "' )E^( " ) " 


TO 


rCz 


- FIto 




sCO 


- Of (JuTsCr3)T0 




rCO 


- pf ( " ) " 




rC(l,2) 


- (JuTsCr3)T0 



Initialize indexing 
Instruction to register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

Last cycle 

P(l-14) -»C(10-23) T7 thru T3 

Parity check T7 thru TO 

C + X-Ix -+P T7 thru T3 

Input to adder (X»Ix) T7 thru TO 

Input to adder (C) T7 thru TO 

Carry logic T7 thru Tl 

Clear S 

No input to C3, C6, C9 T3 thru Tl 

P -*S 

No input to C7, C8 

(C1,C2) is (C4,C5) at Tl 

Set CO if overflow 
No input to Cl, C2 



Tr Cxm 

sC(0-23) 

rC( " ) 

sHt 

rlx 

rRc 
Tp rAOO 

rBOO 

sCp 

rJu 

Oc 



= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 

« CxmTr 

= CpTi@KQg2 

= (FlF3)(GDHt)Tr 

= Tr 

= EndGOTp 

= ( " ) 

= M24CxmHtTsTp 

= Tp 

= (0l03Ta+EndSlc)Tp 



rO(l,3,4,5,6) = Oc 



s02 



= Oc 



BRU 2 



M -> C (Fetch next instruction) 

Tr thru Tp 

Parity error 



Initiate parity 



NOP (20) ->0 



BRU* 1 






00 



BRU* 



Uncock Active Interrupt (M) -» P 

'(Unconditional Branch, Indirectly Addressed) 



2 Cycles 



T8 


rCz 


- 0OT8 




sHz 


« T8 




sla 


- C5C9(C5+C8+C3C4)0OT8 




six 


- C1GO0OT8 




Oxc 


-■ IaGOC2"0OT8 




sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 
Ar3 


■ OxcC5 


T7 


- (53F1F2+(01020304))Q1 




sA(0-2) 


* A(21-23)AnrAr3 




rA( " ) 


-T( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


= T( " ) " 




sB(0-2) 


« B (21-23) BnrAr3 




rB( " ) 


«¥( " ) 




sB(3-23) 


■ B(0~20)Ar3 




rB( " ) 


«"B"( " ) " 




Cr3 


- Ts0OQl 




sC(0-2) 


- Add(l-3)Cr33uTs 




rC( " ) 


- Idl( " ) " 




sC(3-23) 


■ C(0-20)Cr3 




rC( " ) 


- Z{ " ) " 




sCp 


■ (C21SC22aC23)CpTsHtQlflF2 




rCp 


- ( " )Cp " 




Xz(l-3) 


- Xn(l-3)0OIx 




Xz\ " ) 


- Xn( " )0OIx+Ix 




Yz(l~3) 


- C(21-23)fl7 




Yz( " ) 


- C( » ) " 




sCz 


■ KzQITO 




rCz 


« EzQl 


T4 


Sc 


« InrflF2T4 




rS(l-14) 


» Sc 


T3 


lb 


« iaCT:o2oZk)506TsQ5Q6 




Sxc 


- JuT3 




sS(l,2) 


■ Add(2,3)Sxc 




sS(3-14) 


« C(0-ll)Sxc 


TO 


rCz 


- F1T0 


Tr 


Cxm 


■ Jufsm(Tr+Tp) 




sC(0~23) 


« M(0-23)Cxm 




rC( " ) 


■ CxmTr 




sHt 


- (FlF3)(GOHt)Tr 




rlx 




rRc 


■ Tr 


Tp 


sCp 


« M24CxmHtfsTp 



Indirect addressing 
Initialize indexing 

C(3«8) ->0 instruction to register 

(All instructions except 66 & 67) 



Recirculate A 

Recirculate B 

C + X* Ix -» C 

Parity check 
Xz input to adder 
Yz input to adder 
Carry logic 
Clear S 



T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru Tp 
T7 thru Tp 
T7 thru Tl 



Uncock active interrupt T3 thru Tr 

C + X*Ix -»S 

M -» C (Fetch effective add) 

Tr thru Tp 
Parity error 

Initiate parity 



BRU* 2 



00 



T8 


rCz 


= 0OT8 










sHz 


= T8 










rla 


= C3la 










six 


= C1GO0OT8 


Initialize, indexing 








sJu 


= C9O~2O30OT8 








T7 


Ar3 

sA(0-2) 
rA( " ) 


= O50OQ1 

- A(21-23)£nrAr3 

= A( " ) 










sA(3-23) 


- A(0-20)Ar3 


Recirculate A 


T7 


thru TO 




rA( » ) 


= T( " ) " 










sB(0-2) 


= B( 21-23) BnrAr3 










rB( " ) 


= B( " ) " 










sB(3-23) 


- B(0-20)Ar3 


Recirculate B 


T7 


thru TO 




rB( " ) 


= B( " ) " 










End 


- JuEaxOl 


Last cycle 








Cr3 


=» Ts0OQl 










sCO 


= (Pl2)JuTiCr303 










rCO 


- ( " ) 










sC(l,2) 


- P(13,14)JuT"sCr3Q2 










rC( » ) 


= "P( " ) 


P(l-14) ->C(10-23) 


T7 


thru T3 




sC(3-23) 


■ C(0-20)Cr3 










rC( " ) 


= 7T( " ) " 










sCp 


= (C2lSC22SC23)CpTsirtQin.F2 










rCp 


= ( " )c P 


Parity check 


T7 


thru Tt 




Pr3 


» JuQ2 










sP(0-2) 


= Add (1-3) 0^0^050 6Pr3 










rP( " ) 


= A3d( " ) 










sP(3-14) 


■ P(0-ll)Pr3 


C + X'lx ->P 


T7 


thru T3 




rP( " ) 


= P( " ) " 










Xz(l-3) 


= Xn(l-3)0QIx 










TSi " ) 


= XH( " )0OIx+lx 


Input to adder (X»Ix) 








Yz(l-3) 


- C(21-23)#7 










Yi( " ) 


- C( " ) " 


Input to Adder (C) 








sCz 


» KzQITO" 










rCz 


= KzQl 


Carry logic 


T7 


thru Tl 


T4 


Sc 


= TnrFlF2T4 










rS(l-14) 


« Sc 


Clear S 






T3 


rCO 
Sxp 

sS(l,2) 
sS(3-14) 


- (JuTsCr3)Q4Q6 

« TntEndG0T3 

= Add(2,3)(JuEix+C 7 2Ci4C306)Sxp 

■ P (0-11) Sxp 


No input to CO 


T3 


thru Tl 


T2 


rC(l,2) 


« (JuTsCr3)T2 


No input to CI, C2 






Tl 


sC(l,2) 
rC( " ) 


= (JuTsCr3)Em(l,2)Tl 
- ( " )Em( " ) " 








TO 


rCz 
sCO 
rCO 
rC(l,2) 


- FITO 

= Of(JuTsCr3)T0 
= BT( " ) » 

- (JuTsCr3)T0 









10 



BRU* 3 



Tr 



Tp 



Cxm 


- EndGOTsm(Tr+Tp) 


sC(0-23) 


- M(0-23)Cxm 


rC( " ) 


■ CxmTr 


sHt 
rlx 


- CpTr@gQg2 

- (Flr3)(B0Ht)Tr 


rRc 


- Tr 


rAOO 


■ EndGOTp 


rBOO 


- ( " ) 


sCp 


- M24CxmfftTsTp 


rJu 


■ Tp 


Oc 


- (6T.03Ta+End5Ic)Tp 


rO(l,3,4,5,6) 


m OC 


s02 


« Oc 



M -» C (Fetch next instruction) 

Tr thru Tp 

Parity error 



Initiate parity 



NOP (20) -*0 



11 



EOM 1 



02 



EOM 20001 



Reset Overflow 



1 Cycle 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Eom 

rOf 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



T8(TsTsr) 

0OT8 

(0OT8laC2C5C8(C3+G&)) 

( " ) 

T8 _ 

0OT8IaC2C5C8(C3+C4) 
(0OT8IaGO)C2 
0x00(3,5,6,7,8) 
OxcC5 



05 next (T7) 

initiate P register increment 
0(3-8) -> instruction to register 



(01020304)Q1 










A(21-23)AnrAr3 










A( " ) " 
A(0-20)Ar3 


• 


Reci rculate A 


T7 


thru TO 


A( " ) " 










B(21-23)BnrAr3 










B( " ) 
B(0-20)Ar3 




Recirculate. B 


T7 


thru TO 


B( " ) " 










05(AOO+GO) 




last cycle 






(05OlO5TsQ2Q5)O4 




T7 


thru Tr 


(EomClOCl 1)023 




Reset Overflow 






(F1G0)Q2 


))(Pl2®(P13P14Ia)) 








(F1G0(020^0506 




( " 


)(Pia8XP13Pl4Ia)) 








( 


)(Pl35b(P14Ia)) 








( 


)(Pl3&<P14la)) 


P+l --> P 


T7 


thru T3 


( 


)(Pl4&La) 








( 


)(Pl4ffiXa) 









(P12P13P14)Q2F1 
P(0-ll)Pr3 

P( " ) _"__ 

T4(End+FlF2)Inr 

Sc 

T3 In t ( End+J u £ix ) GO+T ; 



Clear S 



^ 



(F1GO (02040506) (Pl33XPl4Ia)Sxp 

( " )(Pl4SDla)Sxp 

P(0-ll)Sxp 

EndGOTsm(Tr+Tp) 

M(0-23)Cxm 

M(. " .) " 

TrF j^ ^ 

Tr(FlF3)(G0Ht) 
Tr __ 
TpEndSk 

TpTl(GOHt) 

T P __ 
TpEndSk 

Oc 

Oc 



M -> C 



Tr + Tp 



00 next clock (T8) 



NOP (20) ->0 



12 



EOM 2 



12 



EOM 20002 



Enable Interrupt 



1 Cycle ' 



00 T8 rC24 

rCz 

sFl 

sF3 

sHs 

sla 

Oxc 

80(1,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( •■ ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( » ) 

End 

Eon 

Pr3 

sPO 

rPO 

sPl 

rPl 

&P2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
TO sEn 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



- T8(TsTsr) 

« 0OT8 __ 

- (0OT8IaC2C5cS(C3+C&)) 

- ( " ) 

- T8 __ 

« 0OT8IaC2C5C8(C3+C4) 

- (0OT8IaGO)C2 

« OxcC(3,5,6,7,8) 
" OxcC5 

* (01020304) Ql 

« A(21-23)AnrAr3 
« A( " ) 

- A(0-20)Ar3 

- A( " ) " 

» JJ(21-23)BnrAr3 
« B( " ) 
« B(0-20)Ar3 

- B( H_)__^ 

- 05(AO(H^Oi sr ^_ 

- (05OlO5TsQ2Q5)Q4 

- (F1G0) Q2_ 

« (FlG0(05SZ5S06))(Pia9(P13P14Ia)) 

- ( v ' )(Piffi(Pi3pHia)) 

- ( " )( Pl3®(P14Ia )) 

- ( " )(Pl3&<P14la)) 

- < " ) ( Pl4$ita ) 

- ( )dTW5) 
« (P12P13P14)Q2F1 

P(0-ll)Pr3 

- T4(End-+FlF2)Inr 

•* Sc* — - 

« T3lnE(End-KJuEax)G0+T3^m^ 

« (FlG0(0TOtO506)(P13©(P14Ia))$xp t 

- ( " )(P14©Ca)Sxp 

■ P(0-ll)Sxp 

= (EomC10CTT)C22T0 

* EndGOfOT(Tr+Tp) 
» M(0-23)Cxm 
«Ti( " ) " 

- TrFl^ _ 

« Tr(FlF3)(G0Ht) 

*= Tr 

■ TpEndSTc 

m ( " ^J 

- TpTl(GOHt) 
» Tp 

* XpEndSk 

- Oc 

- Oc 



♦ Z- 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



Recirculate A 

Recirculate B 
last cycle 



P+l 



T7 thru TO 



T7 thru TO 



T7 thru Tr 



T7 thru T3 



Clear S 

P ->S 

Enable interrupt 

M ->C 



Tr + Tp 



00 next clock (T8) 



NOP (20) 



13 



EOM 3 



02 



EOM 20004 



Disable Interrupt 



1 Cycle 



00 T8 rC24 

rCz 

sFl 

sF3. 

sHz 

sla 

6xc 

80(1,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Eom 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 

Sc 

rS(l-14) 

Sxp 

sSl 

sS2 

sS(3-14) 

rEn 

Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6* 

802 



T4 



T3 



TO 
Tr 



- T8(TsTsr) 

- 0OT8 

-* (0OT8IaC2C5Cl(C3+cZ)) 

- ( " ) 

- T8 

- 0OT8laC3c5C8(C3+cS) 

- (0OT8IaGO)C2 

« OxcC(3,5,6,7,8) 

■ Qxcc5 

- (01020504JQ1 

» A(21-23)AnrAr3 

- A( " ) 

- A(0-20)Ar3 
• A( " ) " 

« .B(21-23)BnrAr3 

- B( " ) 

- B(0-20)Ar3 

- 05(AOCHGO1 == ^__ 

- (05OlO5TsQ2Q5)O4 
» (F1G0) Q2_ 

- (F1GO(02030"506)) ( Pl3£(P13P14Ia) ) 

- ( » )(Pl3gXPl3Pl4ta)) 

- ( " )( Pl3®(Pl4Ia )) 

- ( " )(Pl3W(P14Ia)) 

- ( " )(Pl6a) 
" ( )(Pl«a) 
« (P12P13P14)Q2F1 

«= P(0-ll)Pr3 

- P( " )^' 

- T4(End+FlF2)Inr 
« Sc 

- T3Int(End+JuEax)GCHT: 
« (F1G0 (0204050 6) >(Pl3©(Pl4Ia)) Sxp 
= ( " )(Pl4^Ia)Sxp 
= P(0-ll)Sxp 
« (EomCl0Cll)C21T0 
« EndGOTsmCTr+Tp) 
« M(0-23)Cxm 

-H( " ) " 

- TrFl 

« Tr(flF3)(GOHt) 
« xr 
« TpEndSlc 

- ( " J— 

- TpTl(GOHt) 

» Tp 

» TpEndSk 
•» Oc 

- Oc 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



Recirculate A 

Recirculate B 
last cycle 



P+l 



T7 thru TO 



T7 thru TO 



T7 thru Tr 



T7 thru 23 



Clear S 

P ->S 

Disable interrupt 

M ->C 



Tr + Tp 



next clock (T8) 



NOP (20) 



14 



EOM 4 



02 



BOM 20010 



Set Overflow if X14 t X15 



1 Cycle 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



rC24 

rCa 

sFl 

sF3 

sH* 

sla 

Oxc 

•0(1,3,4,5,6) 

r02 

Ar3 

•A(0-2) 

rA( »' ) 

sA(3-23) 

rA( •• ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Bad 

Soon 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 

sOf 

Sc 

rS(l-14) 

Sxp 

sSl 

sS2 

sS(3-14) 

Cxm 

sC(0-23) 

rC( » ) 

rla 

rlx 

rRc 

rFl 

rF3 

rRf 

rJu 

Oc 

rO(l, 3,4,5,6) 

802 



- T8(TsTsr) 

- 0OT8 __ 

- (0OT8IaC2c3c3(C3+c4)) 

- ( " ) 

- T8 __ __ __ 

- 0OT8IaC5c5£|(c3+C4) 
« (0OT8IaGO)C2 

- OxcC(3,5,6,7,8) 

• (0102a504)Ql 

- A(21«23)AnrAr3 
„ 3f( »» } •• 

- A(0-20)Ar3 

m A( " ) " 

= B(21-23)BnrAr3 
-¥(")" 

- B(0-20)Ar3 

• B( ^_) " 

m tfSCAOCMiSO]^ 

- (05OlO5TsQ2Q5)o4 

- (F1G0)Q2 

- (F1GO(02<5W5506) ) (P12©(P13P14Ia) ) 



- ( 

- ( 

- ( 

- ( 

- ( 



)(MSX*13M4ia)) 

)( P13gXP14Ia) ) 
>14Ia)) 



)( Pl4»a ) 

) (Mfljta) 

« (P12P13P14)Q2F1 
m p(0-il)Pr3 
»T( " )J^ 

= (EomClOClI)C20T4(Xn3SKwl) 

- T4(End4fIF2)Inr 

•« Sc s~\ 

m T3lnt (^d-KJuEax )G(>fr3fcn^ 

« (F1G0(02040506) ) (Pl3-£tFl4la))Sxp 

- ( " )(Pl^@ta)Sxp 
= P(0-ll)Sxp 

* EndGOfsaT(Tr+Tp) 
« M(0-23)Cxm 

-TJ< •' ) M 

"■ Tr Fl 

■ Tr(FlF3)(^5ftt) 

* Tr 

«• TpEndSlc 

m TpTl(S0Ht) 

m Tp 

* TpEndsTt 

■» Oc 
« Oc 



05 next (T7) 

initiate P register increment 
C(3-8) -*0 instruction to register 



Recirculate A 

Recirculate B 
last cy<jle 



P+l 



T7 thru TO 



T7 thru TO 



T7 thru Tr 



T7 thru X3 



Set overflow if X14 £ X15 
Clear S 



M 



Tr + Tp 



00 next clock (T8) 



NOP (20) -+O 



15 



EOD 1 



06 



EOD 2010X 



Set Bank Register 2 = X 



1 Cycle 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Eod 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 sE2m(0-2) 

rE2m( " ) 

Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



T8(TsTsr) 

0OT8 ___ 

(0OT8IaC2C5C8(C3+C4)) 

( " ) 

T8 __ 

0OT8laC2C5C8(C3+C4) 

(0OT8IaGO)C2 

OxcC(3,5,6,7,8) 

OxcC4 

(bl0203Q4)Ql 

A(21-23)AnrAr3 

A( " ) " 

A(0-20)Ar3 

A( " ) " 

B(21-23)BnrAr3 

T( " ) 

.B(0-20)Ar3 

B( " ) " 

05(A7JOh£J5) 

(05OlO3TaQ2Q5)O4 

(F1G0)Q2 

(FlGO(o25*d506) ) (P12$(Pl3P14Ia) ) 

>13pl4la)) 



)(pi: 
)(pi: 



)(P1 

) (P148U) 



P14Ia) ) 

PT&IS)) 



(P12P13P14)Q2F1 
P(0-ll)Pr3 
T( " ) »• 

£(21-23) (EodC10CTIC17) 

c ( " L<_ *JL > 

T4(End+FlF2)Inr 

Sc 

T3 Int ( RndjJuBax ) GO+T 
(F1GO(0~2W5506))(P1 




4Ia))Sxp 



( 

P(0-ll)Sxp 
EndOOTam (Tr-f Tp) 
M(0-23)Cxm 
M( " ) " 

TrFl ^ 

Tr(FlF3)(GOHt) 
Tr __ 
TpEndSk 

( "'J— 
TplH. (GOHt ) 

T P 
TpEridSli 

Oc 

Oc 



)(P14SCa)Sxp 



05 next (T7) 

initiate P register increment 
C(3-8) -► instruction to register 



Recirculate A 

Recirculate B 
last cycle 



P+l ->P 



T7 thru TO 



T7 thru TO 



T7 thru Tr 



T7 thru T3 



Set bank register 2 
Clear S 



M 



Tr + Tp 



00 next clock (T8) 



NOP (20) 



16 



EOT) 2 



^06 



BOD 202X0 



Set Bank Register 3 = X 



1 Cycle 



00 T8 rC24 
rCa 

8*1 

sF3 

sHz 

sla 

Oxc 

80(1,3,4,5,6) 

r02 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Rod 

Pr3 

sFO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

al?<3-14) 

rP< w ) 
T4 sE3m(0-2) 

rE3m( " ) 

Sc 

rS(l-14) 
?3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cm 

sC(0-23) 

*c( ••■ ) 

tlm, 

rlx 

Xp cVl 

tn 

rRf 

rJu 

*0U # 3,4,5,6) 
•02 



« T8(TsTsr) 

- 0OT8 _ 

- (0OT8IaClc5C^(c3-Kft)) 

- ( M ) 

" T8 — — — 

- 0OT8I«55C5CB(C3+C4) 

» (0OT8liGO)C2 

- OxcC(3,5,6,7,8) 
■ O xcCJ 

- (0102$304)Q1 

- A(21-23)InrAr3 
»I( " ) M 

- A(0-20)Ar3 

-X< " ) " 

- B(21-23)InrAr3 
«T( •• ) " 

- B(0-20)Ar3 

- B( " ) " 

- 05(aTRW56) 

:05TJIO3f5Q2O^5)04 

[FlGO) Q2__ 

(Fl00(O2(taJ5O6))(Pi: 

>(T~ 



;pupi4i>) ) 



plttfttM)Q2tt 

• P(0»lt)Pr3 

- T( •• ) M 

= C(18-20)(EodC10CTlCl6) 

= c( " K •' ). 

- T4(Kad*#iFl)K 
« Sc 

» (FlGO(O^OZiS506))(Pl 




4Ia))Sxp 



= ( 

= P(0-ll)Sxp 

• BadOOfS»(Tr+Tp) 
e M(0~23)Cxm 

• Titfl , 

. Tr<flr3)CH5it) 

• Tplndlfc 

• Xp91(8St) 

• Tp 

• Oc 

.» Oc 



)(Pl^@Ca)Sxp 



05 next (T7) 

initiate P register increment 
C(3-S) -*0 instruction to register 



Recirculate A 

Recirculate B 
last cycle 



*¥l 



T7 thru TO 



T7 thru TO 



T7 thru Tr 



T7 thru T3 



Set bank register 3 
Clear S 



H *-♦ C 



Tr + Tp 



17 



#0 next clock (T8) 



HOP (20) -VO 



HIY 1 



10 



M1Y 



Memory to Y Buffer When Ready 



(M) ->Y 



2 Cycles 
+ Wait 



00 T8 



T7 



T4 



T3 



TO 



Tr 



Tp 



rCz 

six 

Oxc 

80(1,3,4,5,6) 

r02 

Ar3 

sA(0-2) 



rA( 

sA(3 

rA( 



) 
-23) 

) 



sB(0-2) 

) 
1-23) 



-2) 
) 



) 
-3) 

) 



rB( 

sB(3 

rB( 

Cr3 

sC(0 

rC( 

sC(3-23) 

rC( » ) 

Xz(l-3) 

Xz( 

Yz(l 

Yz( 

sCz 

rCz 

sCp 

rCp 

Sc 

rS(l-14) 

Sxc 

sS(l,2) 

sS(3-14) 

rCz 

sRf 

Cxm 

sC(0-23) 

rC( » ) 

sHt 

rlx 

rKO 

sCp 

sFl 

sF2 

rRf 



- 0OT8 

« 0OT8C1GO 

= (0OT8IaGO)C2 

» C(3,5,6,7,8)Oxc 

= C~50xc 

= (010 26304) Ql 

= A(21-23)AnrAr3 

« A( " ) " 

= A(0-20)Ar3 

- A( " ) ^_ 

= JK 21-23) BnrAr3 

= B( " ) 

«= B(0-20)Ar3 

« B(j; _) " 

« FlF2(TsQl) 

- Add(l-3)0OJuTsCr3 

- Add( " ) 

= _C(0-20)Cr3 
= C( " ) " 

= Xn(l-3)0O.Ix 

= Xn( " )0OIx+Ix 
« 0(21-23)^7 
a C( ^_ ) " 
= KzQlTO'^7 

= KzQl 

= (C2]0C22SC23)CpTsHtQlFlF2 

= ( ^ )Cp 

= T4FlF2Inr 
■ Sc __ 

= T3FlF2Ju 
= Add(2,3)Sxc 

- C(0-ll)Sxc 

= FLTO 

= T0f5O5Yf(Y0+Y9) 
= Ju0OTsm(Tr+Tp) 
= M(0-23)Cxm 
= TrCxm 

= CpTjBJK0g2 

= Tr(TO3)(G0Ht) 

= G0TrF2 

= M24CxmHtTsTp 

» Tp (F1F30 10304) IaRf 
= (TpI a0Q)O 3O2 

- Tp^I(GOHt) 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -» C (Add»Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C 4- X*Ix _>S 

Set Rf if Y Buffer empty 

M -> C (Fetch operand) Tr thru Tp 

Parity error 



Initiate parity 

06 next clock (T8) if Rf 

02 next clock (T8) if Rf 



If the Y Buffer is empty and ready to accept from C, 06 will follow; otherwise, 
02, the waiting phase, will occur. 



18 



MIY 1 



02 T7 



TO 
Tp 



Ar3 

sA(0-2) 
rA( » ) 
sA(3-23) 
rA( " ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
rCz 
sRf 
sPl 

rRf 



(01020304)Q1 

A(21-23)AnrAr3 

A( " ) " 

A(0-20)Ar3 

A( •' ) ^_ 

B(21-23)BnrAr3 

¥( " ) 

B(0-20)Ar3 

"B( " ) " 

flTO 

TOf5p5Yf(YO+W) 

Tp(PlF501035^)IaRf 

Tpjfl(GOHt) 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Set Rf if Y Buffer empty 
06 next if Rf 
02 next if IT 



The Computer will continue to repeat 02 until to. Y Buffer becomes ready. 
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MIY 3 



06 T8 



T7 



T4 



T3 



sla 

End 

Rx 

Yxx 

sCpr 

Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( ll ) 

sC(3-23) 

rC( " ) 

Xz(l-3) 

Xz( " ) 

Yz(l-3) 

Yz( " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( » ) 

rla 

sYw(l-3) 

rYw( " ) 

sCpr 

rCpr 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

sS2 

rS2 



« T8F1F3©© 

- F1F2 _ 

- (0 1030^0 6FlF3Ts) 
=» Rx03 

« T8iC2j^C22SC23) 
= (01020304)Q1 
= A(21-23)AnrAr3 
= A( " ) 
■ A(0-20)Ar3 
= A( " ) " 

- B_(21-23)BnrAr3 
«= B( " ) 

« B_(0-20)Ar3 

- FlF3(TsQl)_ 

- Add(l-3)06TsCr3 
= Add( " ) 

= C(0-20)Cr3 

- C"( " ) " 

« A(21-23) 060204 

- A( " ) " 
» JC(21-23)W 

- C( " ) " 
= KzQIFlp 

= KzQl 

« (C21®C22©C23)CpTsHtQ106O3 

a ( » )C P 

- (F1G0)Q2 



« (P12®Pl3P14Ia)FlGO(02040506)Pr3 
n ) 



= ( 

■ (P13©>14Ia) 

- ( n ) 

*= (P14SLa) 

« (— ti ) 

« P(0-ll)Pr3 
« T( " ) " 

- (P12P13P14)Q2F1 
» C(21-23)YxxQlY4 
» C"( " ) " Y4 

■ (Cia®Cl9©C20)Ql 

- ( — 



)Q1 



T4EndInr 

Sc 

T3IntEndG0 



» (P13©P14Ia)FlGO(02040506)Sxp 
» ( » ) » 

= (P14©ta) 



Initiate P register increment 
Last cycle 

Initiate transfer of C to Y buffer 
Start parity generation for I/O 



Pvecirculate A 
Recirculate B 

A + C ->C 

Unused adder inputs 

Carry logic 
Check parity 



P+UP 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru Tj 

T7 thru TO 
T7 thru TO 



T7 thru T3 



C -»Y buffer T7 thru TO 

Generate parity for I/O 
Clear S 

P + 1 -* S 



- ( 



) 



20 



MTC 4 



Tr 



Tp 



sS(3-14) 


- P(0-ll)Sxp 


rS( " ) 


» P( » JJ' 


Cxm 


= EndGOTsm(Tr+Tp) 


sC(0-23) 


- M(0-23)Cxm 


rC( » ) 


■ TrCxm 


sHt 


- CpTr@K5^2 


rla 


■ TrFl 


rlx 


- Tr(flF3) (GOHt) 


rAOO 


» TpEndCO 


rBOO 


- ( " ) 


sCp 


« M24Cxml!tTsTp 


rCpr 


■ Tp 


rF(l,2) 


« TpEndSE 


Oc 


- ( " ) 


s02 


■ Oc 


rO(l,3,4,5,6) 


- Oc 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Initiate parity 
00 next clock (T8) 



NOP (20) ->0 
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M1W 1 



12 



00 T8 



MIW 



Memory to W Buffer When Ready 



T7 



T4 



T3 



TO 



Tr 



Tp 



rCz 


= 0OT8 


six 


= 0OT8C1GO 


Oxc 


» (0OT8laGO)C2 


sO(l,3,4,5,6) 


= C(3,5,6,7,8)Oxc 


r02 


= C50xc 


Ar3 


= (0 1020304) Ql 


sA(0-2) 


- A( 21-23) AnrAr3 


rA( " ) 


= a( " ) 


sA(3~23) 


= A(0-20)Ar3 


rA( " ) 


- A( " ) " 


sB(0-2) 


= B( 21-23) BnrAr3 


rB( " ) 


- B( " ) " 


sB(3-23) 


» B(0-20)Ar3 


rB( " ) 


- B( " ) " 


Cr3 


« FlF2(TsQl) 


sC(0-2) 


» Add(l-3)0OJuTsCr3 


rC( " ) 


■ Add( " ) 


sC(3-23) 


= C(0-20)Cr3 


rC( " ) 


B C( " ) " 


Xz(l-3) 


= Xn(l-3)0O«Ix 


Xz( " ) 


= Xn( " )0OIx+Ix 


Yz(l-3) 


= 0(21-23)^7 


Yz( " ) 


- C( " ) " 


sCz 


- KzQlT0^7 


rCz 


- KzQl 


sCp 


= (C2]®C22©C23)CpTsHtQlFlF2 


rCp 


« ( " )Cp 


Sc 


= T4FlF2Inr 


rS(l-U) 


= Sc 


Sxc 


» T3FlF2Ju 


sS(l,2) 


=* Add(2,3)Sxc 


sS(3-14) 


* C(0-ll)Sxc 


rCz 


* F1T0 


sRf 


= T0F3O5Wf(W0+W9) 


Cxm 


» Ju0OTsm(Tr+Tp) 


sC(0-23) 


= M(0-23)Cxm 


rC( M ) 


= TrCxm 


sHt 


= CpT4^0^2_ 
= Tr(FlF3) (GOHt) 


rlx 


rKO 


■ G0TrF2 


sCp 


- M24CxmHtTsTp__ 


sFl 


= Tp(FlF30 10304) IaRf 


sF2 


« (Tplag(»0302 
= Tp01(GOHt) 


rRf 



(M) -»W 

Initialize Indexing 
Instruction -» 

Recirculate A 
Recirculate B 



2 Cycles 
+ Wait 



T7 thru TO 



T7 thru TO 



C+X-Ix -» C (Add=Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X»Ix ->S 

Set Rf if W buffer empty 

M -> C (Fetch operand) Tr thru Tp 

Parity error 



Initiate parity 
06 next if Rf 
02 next if Rf 



If the W Buffer is empty and ready to accept from C, 06 will follow; otherwise, 02, 
the waiting phase, will occur. 
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MIW 2 



02 T7 


Ar3 


« (01020304)Q1 




sA<0-2) 


- A(21-23)A«rAr3 




rA( " ) 


-A( " ) » 




sA(3-23) 


- A(0-20)Ar3 




rA( » ) 


- X( " ) " 




sB(0-2) 


« B(21-23)BnrAr3 




rB( " ) 


m !"( " ) » 




sB(3-23) 


« B(0-20)Ar3 




rB( " ) 


«*B( •• ) " 


TO 


rCz 


- Uxo 




sRf 


» T0F3O5Wf(W0+W9) 
- Tp(FlB5i0352»)URf 


Tp 


sFl . 




rRf 


. - Tp$l(GOHt) 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Set Rf if W Buffer empty 
06 next if Rf 
02 next if TTE 



The Computer will continue to repeat 02 until the W Buffer becomes ready. 
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MIW 3 



06 T8 


sla 




« T8FlF3qj$Ci) 




Initiate P register increment 




End 




- F1F2 




Last cycle 




Rx 




= 103040 6F1F3TS 








Wxx 




- Rx05 




Initiate transfer of C to W buffer 




sCpr 




= T8(C21®C22^C23) 




Start parity generation for I/O 


T7 


Ar3 




« (010 20304) Ql 








sA(0- 


•2) 


- A(21-23)AnrAr3 








rA( " ) 


« A( " ) 








sA(3- 


-23) 


« A(0~20)Ar3 




Recirculate A T7 thru TO 




rA( ' 


' ) 


» A( " ) " 








sB(0- 


•2) 


= B (21-23) BnrAr3 








rB( ' 


' ) 


«¥( " ) " 








sB(3- 


-23) 


= B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( ' 


' ) 


= B( " ) " 








Cr3 




= FlF3(TsQl) 








sC(0- 


•2) 


- Add(l-3)06TsCr3 








rC( ' 


' ) 


- Adl( " ) 




A + C -» C T7 thru TO 




sC(3- 


-23) 


= C(0-20)Cr3 








rC( ' 


' ) 


« C( " ) " 








Xz(l-3) 


- A(21-23)06O2O4 








Xz( ■ 


' ) 


■ A( " ) 








Yz(l-3) 


- C(21-23)#7 




Unused adder inputs T7 thru TO 




Yz"( f 


' ) 


- "C( " ) " 








sCz 




« KzQlFl#7 








rCz 




- KzQl 




Carry logic T7 thru TO 




sCp 




= (C2]@C22®C23)CpTsHtQ106O3 






rCp 




- ( " )c P 


ti 


Check parity T7 thru TO 




Pr3 
sPO 




= (F1G0)Q2 

« (P13SP13Pl4Ia)FlC 








10 (0204050 6) Pr 3 






rPO 




- ( ) 








sPl 




- (P133£l4la) 








rPl 




- < " ) 








sP2 




« (P14©La) 




P + 1 ->P T7 thru T3 




rP2 




- ( " ) 








sP(3- 


-14) 


- P(0-ll)Pr3 








rP( ' 


' ) 


« P( " ) " 








rla 




« (Pl2pl3Pl4)Q2Fl 








sWn(l-3) 


- C(21-23)WxxQl 








rWn( 


" ) 


» C( " ) 




C -»W Buffer T7 thru TO 




sCpr 




■ (C18©C19@C20)Q1 








rCpr 




- ( " )Q1 




Generate parity for I/O T7 thru TO 


T4 


Sc 




= T4EndInr 








rS(l- 


■14) 


■ Sc 




Clear S 


T3 


Sxp 
sSl 




= T3IntEndG0 

- (Pl3jP14la)FlG0(fi 








1616506) Sxp 






rSl 




- ( " ) 


ti 






sS2 




- (P14©La) 


ii 


P + 1 -»S 




rS2 




- ( " ) 


ii 
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M1W 4 



Tr 



Tp 



sS(3-14) 


» P(0-ll)Sxp 


rS( " ) 


a F( " ) " 


Cxm 


« EndGOTsm(Tr+Tp) 


sC(0-23) 


« M(0-23)Cxm 


rC( » ) 


a TrCxm 


sHt 


a CpTi@K0{52 


rla 


« TrFl 


rlx 


a Tr(FlF3) (GOHt) 


rAOO 


a TpEndGO 


rBOO 


a ( " ) 


sCp 


a M24Cxra!ltTsTp 


rCpr 


a Tp ^_ 


rF(l,2) 


a TpEndSk 


Oc 


a ( " ) 


s02 


a OC 


rO(l,3,4,5,6) 


a OC 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Initiate parity 
00 next clock (T8) 



NOP (20) -»0 
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POT 1 



13 



00 





POT 


Parallel Output When Ready 


(M) -» Output Device 


3 Cycles 
+ Wait 


T8 


rCz 


■ 0OT8 








six 


= 0OT8C1GO 


Initialize indexing 






Oxc 


= (0OT8laGO)C2" 








80(1,3,4,5,6) 


= C(3,5,6,7,8)Oxc 


Instruction -»0 






r02 


» C50xc 






T7 


Ar3 

sA(0-2) 
rA( " ) 


» (010 20304) Ql 
- A(21-23)AnrAr3 
= A( " ) 








sA(3-23) 


- A(0-20)Ar3 


Recirculate A 


T7 thru TO 




rA( » ) 


= X( " ) " 








sB(0-2) 


= B(21-23)BnrAr3 








rB( " ) 


= "B( " ) 








sB (3 -23) 


« B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


-T( " ) " 








Cr3 


= 71T2(TsQl) 








sC(0-2) 


= Add(l-3)0OJuTsCr3 








rC( " ) 


» Add( " ) 


C+X» Ix -» C (Add=Xz+Yz) 


T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


= "C( " ) " 








Xz(l-3) 


- Xn(l-3)0O-Ix 








xi( " ) 


= Xn( " )0OIx+Ix 


Adder input (XIx) 


T7 thru TO 




Yz(l-3) 


- C(21-23)fl7 








Tz( " ) , 


= XT( " ) » 


Adder input (C) 


T7 thru TO 




sCz 


- KzQlTO07 








rCz 


- KzQl 


Carry logic 


T7 thru Tl 




sCp 
rCp 


= (C21@C2aSC23)CpTsHtQlFlF5 
- ( " )Cp 


Check parity 


T7 thru TO 


T4 


Sc 


a T4FlF"2lnr 








rS(l-14) 


= Sc 


Clear S 




T3 


Sxc 
sS(l,2) 


= T3FlF2Ju 
- Add(2,3)Sxc 








sS(3-14) 


= C(0-ll)Sxc 


C -f X* Ix -> S 




TO 


rCz 


= F1T0 






Tr 


Cxm 


= Ju0OTsm(Tr+Tp) 








sC(0-23) 


« M(0-23)Cxm 


M -> C (Fetch operand) 


Tr thru Tp 




rC( " ) 


= TrCxm 








sHt 
rlx 


= CpT^KO^I 


Parity error 






■ Tr(flF3) (GOHt) 






rKO 


= GOTrFZ 






Tp 


sCp 


= M24CxmHtTsTp 


Initiate parity 






sF2 


= (Tpla0O)O307 


02 next clock (T8) 
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POT 2 



02 



T7 


Ar3 


- (010203o4)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


-X( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


t»X( " ) " 




sB(0-2) 


- B( 21-23) BnrAr3 




rB( " ) 


■ T( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


-¥( » ) " 




sRf 


- Q2F306F2Rt 


TO 


rCz 


- FlTO 


Tp 


sFl 


- Tp (F1F30 10304) IaRf 



rRf 



- Tp0>l(H5Ht) 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



External Device is ready (Rt) 

to receive information T7 thru T3 

from the computer. 

06 next if Rf 
02 next if RT 



The Computer will continue to repeat 02 until the External Device becomes ready, 
at which time the data will be transferred in parallel from the C register to the 
device. At Tp time, following the transfer, 06 will occur. 
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POT 3 



06 T8 



T7 



si* 

End 

Ar3 

sA(0-2) 

rA( ■• ) 

sA(3-23) 

rA( •' ) 

0B(O«2) 

rB( " ) 

sB(3^23) 

rB( ■■ ) 

Cr3 

sC(0-2) 

rC( »' ) 

sC<3-23) 

rC( " ) 

X£(l-3) 

Y«(l-3) 



) 



T4 



T3 



Tr 



7z( 
sCr 
rC* 
sCp 
rCp 
Pr3 

sPO 

rPO 
■PI 

rPl 

s?2 

rP2 

•P<3-14) 

rP< " ) 

rta 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

852 

r82 

aS(3-l4) 

ri< " ) 

sC(0-23) 
rC( " ) 
iHt 



- T8F1FKJJ© 

- F 1F2 

- (01020504)Q1 

« A(21-23)AnrAr3 
-T( " ) 

- A(0-20)Ar3 

-I< " ) '■ 

- B(21-23)InrAr3 
-¥( " ) 

« B(0-20)Ar3 
«T( " ) •' 

- FlFl(fsQl)_ 

• Add(l-3)06T8Cr3 

» xaax " ) " 

« C(0-20)Cr3 
-ct M ) " 

■■ Ix 

« C(21-23)-?7 

- T( »» ) " 

- K«Q1F1&7 

- KzQl 

- (C21©C22SC23)SpfsBtQ106O3 

- ( " )Cp 
« (F1G0)Q2 

- (PiaO?13P14Ia)FlGO(853S8!o6)Pr3 

- ( n ) 

- XP13»14Ia) 
m £. -^, ^ 

• (PH©La) 
„ ( n — ^ 

- P(0-ll)Pr3 

■ T( " ) " 

- <M4p13*U)Q2F1 

■ T4KndInr 

" 8c 

« T3IntEndG0 

- ( P138P14la) FlG0(ffZ(KPB06)Sxp 

- ( " ) 

- (PlAfea) 

- ( "-> 

• P(0-ll)Sxp 

»^( " JL" 

m BndGOt am (Tr+Tp) 

m M(Q-23)Cxm 

■ TrCxm 

- CpTs@R^5 



Initiate F register increment 
Laft cycle 



Recirculate A 
Recirculate B 

A + C -*C 

Unused adder inputs 

Carry logic 
Check parity 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 



P + 1 -+P 



T7 thru T3 



Clear S 



P + 1 -*S 



M -* C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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POT 4 



Tp 



rla 

rlx 

rAOO 

rBOO 

sCp 

rf<l,2) 

Oc 

s02 



Tr(FlF3)(GOHt) 
TpEndGO 

< " L_ 

M24Cx»HtTsTp 
TpEndSk 

( H ) 
Oc 



rO(l, 3,4,5,6) - Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) 
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ETR 3 



Tp 



rla 




« TrFJ^ _ 


rlx 




«= Tr(FlF3)(G0Ht) 


rAOO 




« TpEndGO 


rBOO 




- < " L 


sCp 




- M24CxmHtTsTp 


rF(l,2) 




■ TpEndSk 


Oc 




- ( " ) 


s02 




= Oc 


rO(l,3,4,5, 


F^) 


■ Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) -*0 
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ETR 1 



14 



ETR 



Extract 



Ai-Mi -»Ai 



2 Cycles 



00 



T8 


rCz 


« 0OT8 




six 


« 0OT8C1GO 




Oxc 


- (0OT8laGO)C2 




80(1,3,4,5,6) 


- C(3 # 5,6,7,8)Oxc 




r02 


■ CftOxc 


T7 


Ar3 


«- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( ■• ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2> 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


« B(0-20)Ar3 




rB( " ) 


m B( " j " 




Cr3 


« Flf2(TsQl) 




aC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


-.Idd( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- C*( " ) " 




Xz(l~3) 


- Xn(l-3)0G;Ix 




3S( " ) 


»Y£( " )0Olx+Ix 




Yz(l-3) 


- C(21-23)37 




Yz( " ) 

sCz 


- KZQ1TO07 




rCz 


■ KzQl 




sCp 


- (C21®C22©C23)CpTsHtQlFlF2 




rCp 


- ( " )Cp " 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


- T3F1F2JU 




sS(l,2) 


• Add(2,3)Sxc 




sS(3-14) 


m C(0-11)SXC 


TO 


rCz 


- fIto 


Tr 


Cxm 


m Ju0OTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


• TrCxm 




sCz 


» (Tr0OKO4O5O6) 




sHt 
rlx 


- ?tifTf5)(8btit) 




rKO 


• G0TrF*2 


Tp 


sCp 


- M24CxnHl$sTp 




sFl 


- (Tpn0O)O3O4 




sF2 


« ( " )0352 



Initialize carjry 
Initialize indexing 

Instruction -»0 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X-Ix ->C (Add-<Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C4X»Ix -*S 

M -> C (Fetch Operand) Tr thru Tp 

Parity error 

Initiate parity 
06 next clock (T8) 
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ETR 2 



06 T8 


Anr 


m 0102040606 








sla 


- T8F1FKQ© 


Iriitiate P register 


increment 


T7 


End 
Ar3 
sA(0-2) 


- (01026304)Q1 

- (A* C) (21-23) (0102040606) Ar3 


Last cycle 






rA( » ) 
sA(3-23) 


« (A+C)( " )( " ) " 
- A(0-20)Ar3 


A*M -> A 


T7 thru TO 




rA( " ) 


- X( " ) " 








sB(0-2) 


- B(21-23)fnrAr3 








rB( " ) 
sB(3-23) 


-T( " ) 
» B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


-"E( " ) " 








Cr3 


« FlFl(TsQl) 








sC(0-2) 


• Add(l-3)06TsCr3 








rC( M ) 


- X3d~( " ) 


A + C + 1 -> C 


T7 thru TO 




sC(3-23) 


« C(0-20)Cr3 








rC( " ) 


- C( " ) " 








Xz(l-3) 


- A(21-23)06O2O4 








Yz(l-3) 


«T( " ) " 
« C(21-23)9T 


Units pd adder inputs 


T7 thru TO 




Yz{ » ) 


a £"( " ) " 








sCz 
rCz 


« KzQlYltiT 
m KzQl 


Carry logic 


T7 thru TO 




sCp 
rCp 


- (C21®C22®C23)^pTsfftQ106O3 

- ( " )Cp 


Check parity 


T7 thru TO 




Pr3 


» (F1G0)Q2 =„_— 








sPO 


* (Pia®?13P14Ia)FlGO (020215506) Pr3 








rPO 


- ( " ) 








sPl 


- (P13^14Ia) 








rPl 


m (' « " ^ " 








aP2 
rP2 


- (P148U) 


P + 1 ->P 


T7 thru T3 




sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 
ria 


-T( " ) " 








- (pl2>13fU)Q2Fl 




T4 


Sc 


« T4EndInr 








rS(l-14) 


" Sc ,, 


Clear S 




T3 


Sxp 

sSl 
rSl 


- T3XntEndG0 

- (Pl»14Ia)FlGO<OT<55G306)Sxp 

m ( » ) " 








sS2 


- (P140U) 


P + 1 -*S 





rS2 

sS(3-14) 
rS( " ) 
Tr Cxm 

sC(0-23) 
rC( " ) 
sHt 



c 



1 



P(0-ll)Sxp 

¥( " ) " 

EndGOTsm (Tr+Tp) 

M(0-23)Cxm 

TrCxm 



- CpTtQflSR 



M -* C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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MRG 1 



1.6 



MRG 



Merge 



Ai + Mi -> Ai 



2 Cycles 



00 



T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




80(1,3,4,5,6) 


= C(3,5,6,7,8)Oxc 




r02 


■ CftOxc 


T7 


Ar3 


« (01020304)Q1 




sA(0-2) 


■ A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


- B( " ) " 




Cr3 


- FlF2(TsQl) 




sC(0-2) 


- Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) 




sC(3-23) 


» C(0~20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


- Xn(l-3)0O.«.Ix 




Xz( » ) 


■ 35T( " )0oix+ix 




Yz(l-3) 


- C(21-23)^7 




Yz( » ) 


» KzQlT0?7 




sCz 




rCz 


« KzQl 




sCp 


- (C21®C22®C23)CpTsHtQlFlF2 




rCp 


« ( " )Cp " 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


» Sc 


T3 


Sxc 


- T3F1F2JU 




sS(l,2) 


• Add(2,3)Sxc 




sS(3-14) 


■ C(0-ll)Sxc 


TO 


rCz 


- fIto _ 


Tr 


Cxm 


• Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


m TrCxm 




sCz 


« (Tr0O)O4O5Xwl 




sHt 


- CpT^KO?! 




rlx 


m Tr<Iflf3)(G0Ht) 




rKO 


■ GQTrF2 


Tp 


sCp 


- M24CxmHtTsTp 




sFl 


- (TpIa0O)O3O4 




sF2 


- ( " )0302 



Initialize carry 
Initialize indexing 

Instruction -♦ 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C4X«Ix -*C (Add-tfz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C+X«Ix -♦S 

M -► C (Fetch Operand) Tr thru Tp 

Set carry if Xwl 
Parity error 

Initiate parity 
06 next clock (T8) 
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MRG 2 



06 T8 Anr 

sla 

End 

T7 Ar3 



sA(0-2) 

rA( " ) 

sA(3-23) 

rA( »' ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( ". ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l-3) 

Xz( " ) 

Yz(l-3) 

¥7( " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

T4 Sc 

rS(l-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 

sS(3-14) 
rS( " ) 

Tr Cxm 

sC(0-23) 
rC( » ) 
sHt 



m 0102040^06 

- T8F1F1CJ© 

- (01020304)Q1 

* (A+C) (21-23) (OlO2O4(O5+O"fc)06) 

- (A'C)( » )( " ) 
« A(0-20)Ar3 
= X( " ) " 

■ B(21-23)BnrAr3 

»¥( " ) 

« B(0-20)Ar3 

- "B~( " _2 " 
« FlFl(TsQl)_ 

- Add(l-3)06TsCr3 

« xaa'c " ) 

«£(0-20)Cr3 

- C( " ) " _ 

- A(21-23)06O2O4 
= A( " ) 

- C(21-23)^T 
« c"( " ) " 

= KzQIFlP" 
« KzQl 

- (C21$C22®C23)CpfsfftQ106O3 

- ( " )Cp 
« (F1G0)Q2 

* (PiaSP13P14Ia)FlG0(02O4O506)Pr3 

- ( ^ ) 

- (Pi:»14Ia) 
» ( ^ ii 

= (Pl^B&a) 

« ( ""> 

- P(0-ll)Pr3 

- T( " ) " 

- (p12p13pU)Q2F1 

■ T4EndInr 
» Sc 

- T3IntEndG0 

o ( P13QP14Ia )FlGO(OT(?gg306)Sxp 

- ( n ) 

" < pl ^a) 

- ( "~") 

« P(0-ll)Sxp 

=» T( " ) " 

- EndG0T8m(Tr+Tp) 

- M(0-23)Cxm 
« TrCxm 
» CpTD@K5iy2 



Initiate P register increment 
Last cycle 



1 



A + M -»A 
Recirculate B 

A + C + 1 -»C 

Unused adder inputs 

Carry logic 
Check parity 



P + 1 -»P 



Clear S 



P + 1 ->S 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru 
T7 thru TO 



T7 thru T3 



M -* C (Fetch next instruction 

Tr thru Tp 
Parity error 
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MRG 3 



Tp 



rla 




- TrFl 


rlx 




« Tr(FlF3)(GOHt) 


rAOO 




a TpEndGO 


rBOO 




. < " L _ 


sCp 




- M24CxmHtTsTp 


rP(l,2) 




■ TpEndSk 


Oc 




- ( " ) 


s02 




= Oc 


rO(l,3,4,5. 


,6) 


= Oc 



Initiate parity 
00 next clock (T8) 

NOP (20) ->0 
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EOR i 



17 EOF 




Exclusive "or" 


00 T8 


rCz 


» 0OT8 




six 


= 0OT8C1GO 




Oxc 


= (0OT8IaGO)C2 




80(1,3,4,5,6) 


= 0(3,5,6,7, 8) Oxc 




r02 


« C40xc 


T7 


Ar3 


- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


= B( " __i " 




Cr3 


* FlF2(TsQl) 




sC(0-2) 


■ Add(l-3)0OJuTsCr3 




rC( " ) 


= Add( " ) " 




sC(3-23) 


« C(0-20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


* Xn(l-3)0O»Ix 




Xz( " ) 


» Xn( " )0OIx+Ix 




Yz(l-3) 


» 0(21-23)^7 




Yz( » ) 


= C( " ) " 




sCz 


= KzQlTO07 




rCz 


« KzQl 




sCp 


- (C21@C22®C23)CpTsHtQlFlF2 




rCp 


- ( " )Cp 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


■ Sc 


T3 


Sxc 


- T3FlF2Ju 




sS(l,2) 


■ Add (2, 3) Sxc 




sS(3-14) 


a C(0-11)SXC 


TO 


rCz 


« F1T0 


Tr 


Cxm 


« Ju0OTsm(Tr+Tp) 




sC(0~23) 


« M(0-23)Cxm 




rC( » ) 


- TrCxm 




sHt 
rlx 


- CpTij£jg0^2 

- Tr(FlF3)(Gt5Ht) 




rKO 


= G0TrF2 


Tp 


sCp 


* M24CxmHtTsTp 




sFl 


- (TpIa0O)O3O4 




sF2 


« ( " )0302 



AiMi+AiMi -> Ai 



Initialize carry 
Initialize indexing 

Instruction -» 



Recirculate A 



Recirculate B 



2 Cycles 



T7 thru TO 



T7 thru TO 



C+X«Ix -»C (Add«Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru T.l 

Check parity T7 thru TO 

Clear S 

C + X» Ix -» S 

M -» C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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EOR 2 



06 T8 



T7 



T4 



T3 



Tr 



Anr 

sla 

End 

Ar3 

sA<0-2) 

rA( " ) 

sA(3-23) 

rA( •' ) 

bB(0-2) 

rB( " > 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( » ) 

sC(3-23) 

rC< " ) 

X*(l-3) 

X*< " ) 

Ye (1-3) 



) 



tz( 

SCJ5 

rC* 
aCp 
rCp 
Pr3 

SpO 

rPO 

•PI 

rPl 

sP2 

rP2 

sP(3-i4) 

rp( " ) 

rla 

Sc 

rS(l-U) 

Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3-14) 

rf< » ) 
Cwn 

«C(0-23) 
rC( " ) 



6102040506 

TSFifKfJ© 

F 1F2 

(01026304)Q1 

(i@C) (21-23) (OlO2O4O506)Ar3 

OSE)( " )( " ) " 

A(0-20)Ar3 
X( » ) » 
B(21-23)BnrAr3 
T( •' ) 
B(0-20)Ar3 
T( ■« ) " 
Flf3(Ts"Ql)_ 
Add(l-3)06TsCr3 

roc » ) 

C(0-20)Cr3 
<T( » ) •■ 
A(21*23)06O2O4 
X( " ) 
C(21-23)?7 
F( " i " 
KaQlFlJFT" 
KsQl 

(C21©C22SC23)SpTsBtQ106O3 
( " )Cp 

(F1G0)Q2 
(Pl»13P14Ia)FlGO(020405O6)Pr3 

( " > 

X P13gPl4Ia) 
/* " ^* ll V 



(PUfflLa) 



P(0-ll)Pr3 
T( " ) " 
(pUpt3pi4)Q2Fl 
T4EndInr 

Sc 

T3IntEndG0 

(P139Pl4Ia)FlGO(3SBRo5)Sxp 

( w ) 

(P14©ta) 

P(0-ll)Sxp 

T t i. Jj. 

Bnd<30$5m(Tr+Tp) 
M(0*23)Cxm 
TrCxm 
CpTiQRWE 



Initiate P register increment 
Last cycle 



A-M + AM -»A 
Recirculate B 

A + C -*C 

Unused adder inputs 

Carry logic 
Check parity 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 



P + 1 -> P 



T7 thru T3 



Clear S 



P + 1 -»S 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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EOR 3 



Tp 


rla 

rlx 

rAOO 

rBOO 

sCp 

rF(l, 

Oc 

802 


,2) 




- TrFJ tar _ ^ 

- Tr(FlF3)(G0Ht) 
*» TpEndGO 

- ( " } 

- M24CxmHtTsTp 
« TpEndSk 

- < " ) 

- Oc 




rO(l, 


3,4,5, 


,*> 


- Oc 



Initiate parity 
00 next cl<*ck,(T8) 

NOP (20) ->0 
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c 



- c 



c 



^ 



\ t- 



2-3 



20 



NOP 



No Operation 



O 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

30(1,3,4,5,6) 

r02 

Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( » ) 

sB (3 -23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 

Sc 

rS(l-14) 

Sxp 

sSl 

sS2 

sS(3-14) 

Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

rF 

rF3 

rRf 

rju 

0c 

rO(l,3,4,5,6) 

s02 



NOP 1 



1 Cycle 



- T8(TsTsr) 

- 0OT8 

- (0OT8laC2C5C8(C3+c5)) 

- ( " ) 

- T8 

- 0OT8IaC^C5cB(c3+c5) 

- (0OT8TaGO)C2" 

■ OxcC(3,5,6,7,8) 

- OxcC? 

- (01020304) Ql 

- A(21-23)AnrAr3 
« ~K( " ) 

- A(0-20)Ar3 

- I( " ) " 

- B(21-23)BnrAr3 

- B( " ) 
« B(0-20)Ar3 
= B( " ) " 

- 05(XD15+GO) 
^lGO) ^^^ 
;F1G0(02040506) ) ( P12®(P13P14Ia) ) 

)(P12$(P13P14Ia)) 
" )( P13®(P14Ia )) 
)(Pl3§KP14la)) 
) (PlAgBla ) 
" ) (Pl4pla) 
;P12P13P14)Q2F1 
= P(0-ll)Pr3 

- P( " )J' 

» T4(End+FlF2)Inr 

= Sc 

= T3Int ( End+JuEa x) G0+T3(fcn^ 

« (F1G0(0"20"2£B06) ) (Pl3^F14Ia) )Sxp 

« ( " )(Pl^Ca)Sxp P -*S 

« P(0-ll)Sxp 

= EndGOTsm(Tr+Tp) 

= M(0-23)Cxm M -» C 

- M( " ) " 

= TrFl 

- Tr(FlF3)(S0Ht) 

= Tr 

« TpEndSk 

ss ( " ) 

m Tpftl(GOHt) 

- Tp 

« TpEndSk 

a OC 

■ OC 



05 next (T7) 

initiate P register increment 
C(3-8) -» instruction to register 



Recirculate A 

Recirculate B 
last cycle 

P+l -*P 



T7 thru TO 



T7 thru TO 



17 thru T3 



Clear S 



Tr + Tp 



00 next clock (T8) 



NOP (20) -»0 
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EXU 1 



23 



00 





EXU 


Execute 


T8 


rCz 


« 0OT8 




sHz 


- T8 




six 


■ C1GO0OT8 




Oxc 


= riGOC~20OT8 




s0(l,3,4,5,6) 


= C(3,5,6,7,8)0xc 




r02 


- C^Oxc 


T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


- A( 21-2-3) AnrAr3 




rA( " ) 


-X( " ) 




sA(3-23) 


= A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


- B (21-23) BnrAr3 




rB( " ) 


-T( " ) 




sB(3-23) 


■ B(0-20)Ar3 




rB( " ) 


-T( " ) " 




Cr3 


= Ts0OQl 




sC(0-2) 


= Add(l-3)Cr3JuTs 




rC( » ) 


= A3d( " ) " 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


= C( " ) " 




sCp 


= (C2]@C22$C23)CpTsHtQlFlF2 




rCp 


- ( » )Cp 




Xz(l-3) 


= Xn(l-3)0OIx 




Xe( " ) 


- Xn( " )0OIx+Ix 




Yz(l-3) 


« 0(21-23)0(7 




7z( " ) 


- C"( " ) " 




sCz 


■ KzQITO 




rCz 


= KzQl 


T4 


Sc 


= InrFlF2T4 




rS(l-14) 


= Sc 


T3 


Sxc 


- JuT3FlF2 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


» C(0-ll)Sxc 


TO 


rCz 


- FlTO 


Tr 


Cxm 


■ JuTsm(Tr+Tp) 




sC(0-23) 


*= M(0-23)Cxm 




rC( " ) 


- CxmTr 




sHt 


« CpTi^C0^2 




rlx 


= (FlF3)(G5Ht)Tr 




rRc 


=* Tr 


Tp 


sCp 


» M24CxmStTiTp 




Oc 


- OlOSTa" 




rO(l,3,4,5,6) 


■ Oc 




s02 


= Oc 



M -»P 



1 Cycle 



Initialize indexing 
Instruction to register 

Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C + X-Ix -» C 



T7 thru TO 



T7 thru TO 



Parity error 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 
Carry logic T7 thru Tl 

Clear S 

C(10-23) -»S 

M -» C (Fetch instruction) 
Parity error 

Initiate parity 

NOP (20) -»0 



Tr thru Tp 
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YIM 1 



YIM 



Y Buffer Into Memory When Ready 



00 T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




80(1,3,4,5,6) 


■ C(3, 5,6,7,8)Oxc 




r02 


a C^OXC 


T7 


Ar3 


- (01020304) Ql 




sA(0-2) 


- A(2l-23)i5irAr3 




rA( » ) 


-X( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


- B (21-23) BnrAr3 




rB( " ) 


-¥( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


-T( " ) " 




Cr3 


- F1T2(TIQ1) 




sC(0-2) 


- Add(l-*3)0OJufsCr3 




rC( •' ) 


■ Add( " ) 




sC(3~23) 


« C(0-20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


« Xn(l-3)0O'Ix 




Xb( » ) 


« Xn( " )0OIx+Ix 




Yz(l-3) 


« C(21-23)^7 




TF( " ) 


a "C( " ) " 




sCz 


a KzQlT0gf7 




rCz 


« KzQl 




sCp 


« (C2ieC22$C23)CpTsHtQlFlF: 




rCp 


a ( »' )Cp » 


T4 


Sc 


a T4FlF2Inr 




rS(l-H) 


a Sc 


T3 


Sxc 


a T3F1F23U 




sS(l,2) 


« Add(2,3)Sxc 




sS(3-14) 


a C(0-11)SXC 


TO 


rCz 


aflTO 




sRf 


a T0l r 353Yx(Y0+Y5) 


Tr 


Cxm 


a Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


a TrCxm 




sHt 
rlx 


a CpTj^K0g2 

a Tr(FlF3)(&Ht) 




rKO 


■■ GGTrFS 


Tp 


sCp 


a M24CxmHtTsTp 




sFl 


« Tp(Flf50l0304)IaRf 




sF2 


a TpIa0OO3O3IGc 




rRf 


a Tp£I(20Ht) 



Y ->(M) 

Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



3 Cycles 
+ Wait 



T7 thru TO 



T7 thru TO 



C+X* Ix -» C (AddaXz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X»Ix -*S 

Y Buffer ready to send 

M -> C (Fetch operand) Tr thru Tp 

Parity error 



Initiate parity 

04 next clock if Rf 

02 next clock if R? 



If the Buffer is ready, 02 is ignored and 04 will occur* 
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YIM i 



02 T7 Ax3 

sA(0-2) 
rA( " ) 
sA(3-23) 
rA( » ) 
sB(0-2) 
rB( " ) 
sB(3-23) 



rB( 

TO rCE 

sRf 

Tp sFl 

rF2 
rRf 



) 



- (01020304)Q1 

- A(21-23)AnrAr3 

m X( " ) " 

« A(0~20)Ar3 

- X( M ) M 

« B(21~23)BnrAr3 
«T( " ) 

- B(0-20)Ar3 
«"£( " ) " 

«flTO 

- TOf363?f(pfY5)__ 

- (Tp(FlF3010353)IaRf) 

- ( ~_LL )02 
«= Tp^l(GGHt) 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Set Rf if Y Buffer full 
04 next if Rf 
02 next if 1ST 



The Computer will continue to repeat 02 until the Y Buffer becomes ready. 
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YIM 3 



04 



T8 


rC24 


" T8 i£lE^ 


Initialize parity generation 




sla 


= fiF3(0© 


Initialize P register increment 




Mxc 


« 04fsm 


T8 thru Tp 




Rx 


- cTLcttaZioBFif^Ts 






sRn(l-3) 


- Rwy(l-3)fsr 






rRn( " ) 


- R^y( IX" 


Information from Y T8 thru Tp 


T7 


Ar3 


- (01020304)Q1 






sA(0^2) 


- A(21-23)AnrAr3 






rA( " ) 
sA(3-23) 


»A( " ) ,f 
- A(0-20)Ar3 


Recirculate A T7 thru TO 




rA( » ) 


- X( " ) " 






sB(0-2) 


■ B(21-23)BnrAr3 






rB( " ) 
sB(3-23) 


«¥( » ) " 

« B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( " ) 


■-T( " J> " 






Cr3 


- FlF3(TsQl) 






sC(0-2) 


- Rn(l-3)RxCr3 






rC( " ) 


- ln( " ) " 


Y Buffer -» C T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 






rC( " ) 


-TR " ) " 






Pr3 


» (F1G0)Q2 






sPO 


- (P12$P13P14Ia)FlG0(0204O506)Pr3 






rPO 


m ( .. ) 






sPl 


- (P13rJP14Ia) " 






rPl 


- ( " ) 






sP2 


» (P14QBDLa) " 


P + 1 ->P T7 thru T3 




rP2 


- ( " ) 






sP(3-14) 


- P(0~ll)Pr3 






rP( " ) 


. p( »« ) » 






rla 


- (P12PI3P14)Q2F1 




T6 


sC24 


- (CC8Cl®C2)C54(TsTsr) (Q3-K}5) 






rC24 


- ( " )C24( " )( " ) 


Generate parity T6 thru Tr 


T3 


rM(0-*24) 


« T3 


Clear M 


TO 


rCp 


- TsTOlTtK5(F1^70lP)^2 




Tr" 


sHt 


- CpTi©K502 


Parity error 




rla 


- TrFl 






rKO 


■ TrGOfI 




Tp 


sF(l-3) 


- Tp04 


07 next clock (T8) 




sM(0-24) 


- C(0-24)MxcTp 






rM( " ) 


»TT( " ) " 


C ->M (Store operand) 
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tm 4 



#7 



T8 


End 


- F1F2 




La»t cycle 


T7 


Ar3 
*A(0-2) 


- (Oio255o423i 

- A(21-23)AnrAr3 








rA< H ) 


- A( " ) 




Recirculate A T7 thru TO 




•A(3-23) 


- A(0-20)Ar3 








rA( " ) 


- A( " > M 








sB (0-2) 


- B(21-23)BnrAr3 








rB( •■ ) 
•*(3-23) 


- B( " ) " 

- B(0-20)Ar3 




Recirculate B T7 thtti fft 




rB( n ) 


«f( »■ ) M 








Pr3 


- F1G0Q2 " 








•P(0-2) 


- P(12-14)I«FlC0(05oTi05d6)Pr3 






rP( M ) 

aP(3-14) 


-?( " ) " ( 
- P(0-ll}Pr3 


II \ II 


Recirculate P T7 thru 13 




rP( " ) 


«■ T4EndInr 
■ Sc 






T4 


Sc 
rS(l-14) 




Clear 3 


T3 


Sxp 

08(1,2) 
rS( " ) 


m T3TntEndG0 

« P(13,14)IaFlGO(5! 

«*( " ) » ( 








252*6506) Sxp 

II \ M 


P(13,14) contains F(l,2) at T3 




s3(3-14) 


• P(0-ll)Sxp 




P -♦ S 




rS( " ) 


m J( " ) » 






TO 


rSk 


- 07TO 






Tr 


Cxm 


m EndGOTsii(Tr+Tp) 




M -♦ C (Fetch next instruction) 




•C(0-23) 


- M(0-23)Cxm 




Tr thru Tp 




rc( •• ) 


- TrCxm 








rla 

rlx 


m FlTr ^ 

m Tr(flF3) (OOHt) 






Tp 


rAOO 
rBOO 


- TpEndGO 

- TpEndGO 








»Gp 


- M24CxagtTsTp 




Initiate parity 




rF(l-3) 


m TpEndSlc 




00 next 




Oc 


m TpEndSF 








802 


« Oc 




MOP (20) -*0 




rQ(l,3,4,5,6) 


m OC 







44 



WIM 1 



32 



00 T8 



T7 



T4 



T3 



TO 



Tr 



Tp 



WIM 



W Buffer Into Memory When Ready 



rCz 


a 0OT8 


six 


- 0OT8C1GO 


Oxc 


« (0OT8laGO)C2 


sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 


r02 


■ 050xc 


Ar3 


■ ( 010 20304) Ql 


sA(0-2) 


« A( 21-23) AnrAr3 


rA( » ) 


«T( " ) 


sA(3-23) 


« A(0-20)Ar3 


rA( » ) 


- A( " ) " 


sB(0-2) 


- B(21-23)BnrAr3 


rB( » ) 


a T$( " ) " 


sB(3-23) 


- B(0-20)Ar3 


rB( » ) 


-¥( " ) " 


Cr3 


« FlF2(TsQl) 


sC(0-2) 


- Add(l-3)0OJuTsCr3 


rC( » ) 


* Add( " ) " 


sC(3-23) 


- C(0-20)Cr3 


rC( " ) 


a c( " ) " 


Xz(l-3) 


« Xn(l-3)0O»Ix 


Xz( » ) 


» Xn( " )0OIx+Ix 


Yz(l-3) 


a C(21-23)fl7 


Yz( » ) 


+ C( " ) " 


sCz 


« KzQlT0#7 


rCz 


- KzQl 


sCp 


« (C21®C22©C23)CpTsHtQlFlF2 


rCp 


a ( " )Cp " 


Sc 


a T4FlF2Inr 


rS(l-14) 


a Sc 


Sxc 


a T3F1F2JU 


sS(l,2) 


a Add(2,3)Sxc 


sS(3~14) 


a C(0-ll)Sxc 


rCz 


a FlTO 


sRf 


a T0F305Wl(W0-W5)06 


Cxm 


a Ju0OTsm(Tr+Tp) 


sC(0-23) 


a M(0-23)Cxm 


rC( " ) 


a TrCxm 


sHt 
rlx 


a CpTjf£gK0p 

- Tr<FlF3) (50Ht) 


rKO 


» G0trF2 


sCp 


a M24CxmHtTsTp 


sFl 


a Tp(Flf30l030ZOIaRf 


sF2 


# (TpIa0O)P3(ftRf 


rRf 


a Tpfll(GOHt) 



W -> (M) 

Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



3 Cycles 
+ Wait 



T7 thru TO 



T7 thru TO 



C+X»Ix -> C (AddaXz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X-Ix -»S 

W Buffer ready to send 

M -+ C (Fetch operand) Tr thru Tp 

Parity error 



Initiate parity 
04 next if Rf 
02 next if Rf 



If Buffer is ready 02 is ignored and 04 will occur. 
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WIM 2 



02 T7 


Ar3 

sA(0-2) 
rA( " ) 


- (01020304)Q1 

« A(21~23)AnrAr3 

- A( " ) " 










sA(3-23) 


- A(0-20)Ar3 




Recirculate A 


T7 thru TO 




rA( » ) 


- 7C( " ) " 










sB(0-2) 


« B(21-23)BnrAr3 










rB( " ) 


« "B~( " ) " 










sB(3-23) 


« B(0-20)Ar3 




Recirculate B 


T7 thru TO 




rB( " ) 


» B( " ) " 








TO 


rCz 


- FIto 










sRf 


» T0F305Wf(W0+W9) 




Set Rf if W Buffer full 




TP 


sFl 


» (Tp(FlF30 10304) L 


aRf) 


04 next if Rf 






sF2 


- ( 


>02 


02 next if E 






rRf 


- Tp^I(GOHt) 









The Computer will continue to repeat 02 until the W Buffer becomes ready. 
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WIM 3 



04 T8 


rC24 


* T8(TsT?sr) 




Initialize parity generation 




sla 


- FlFlQ® 




Initialize P register increment 




Mxc 


■ 04Tsm 




T8 thru Tp 




Rx 


- 01030^0BFlf3Ti 








sRn(l-3) 
rRn( " ) 


- Rwy(l-3)Tsr 

- Swy< » ) " 




Information from W T8 thru Tp 


T7 


Ar3 

sA(0-2) 
rA( " ) 


- (01026304) Ql 

- A(21~23)AnrAr3 

- A( " ) " 








sA(3-23) 


- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( » ) 


- X< " ) " 








sB(0-2) 


■ B(21-23)BnrAr3 








rB( " ) 


»¥('■) " 








sB(3-23) 


- B(0~20)Ar3 




Recirculate B T7 thru TO 




rB( " ) 


■ - "B( " ) " 








Cr3 


- FlF3(TsQl) 








sC(0-2) 

rC( » ) 


- Rn(l~3)RxCr3 

- Rn( » ) " 




W Buffer -» C T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


- C( " ) " 








Pr3 


- (F1G0)Q2 








sPO 


- (P123*>13P14Ia)FlG0(026^O506)Pr3 






rPO 


- ( ") 








sPl 


- (P13$P14la) 








rPl 


- ( " ) 








sP2 


- (P14@Ca) 




P + 1 -» P T7 thru T3 




rP2 


- ( " ) 








sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


- P( " ) " 








ria 

sC24 

rC24 


- (P12p13p14)Q2F1 


r)(Q3-K}5) 

)( " ) 




T6 


- (C0©C]@C2)C24(TsTs 

- ( " )C24( " 


Generate parity T6 thru Tr 


T3 


rM(0-24) 


- T3 




Clear M 


TO 


rCp 


- RTOfltKD(F1076T0B)02 




Tr 


sHt 
ria 
rKO 


- CpTa©EO02 
« TrFl 
« TrG0F2 




Parity error 


Tp 


sF(l-3) 
sM(0-24) 


■ Tp04 

- C(0-24)MxcTp 




07 next clock (T8) 




rM( " ) 


- C( » ) 




C -»M (Store operand) 
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W1M 4 



T8 


End 


- F1F2 




Last cycle 


T7 


Ar3 
sA(0-2) 


- (Q1020304)Q1 

- A(21-23)AnrAr3 








FA( » ) 
sA(3-23) 


- A( " ) " 

- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( " ) 


- A( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


- B( " ) " 

- B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( •• ) 


« B( " ) •• 








Pr3 


- F1GOQ2 








sP(0-2) 


- P(12-14)IaFlGO(S5o2^506)Pr3 






rP( " ) 

sP(3-14) 


- P( " ) " ( 
« P(0-ll)Pr3 


II \ II 


Recirculate P T7 thru T3 


T4 


rP( " ) 
Sc 


- T4EndInr 




• 




rS(l-14) 


m SC 




Clear S 


T3 


Sxp 


- T3IntEndGO 








88(1,2) 
rS( " ) 


- P(13 > 14)IaFlG0(55S2l0506)Sxp 

- *p( •• ) '» ( » ) » 


P(13,14) contains P(l,2) at T3 




sS(3-14) 


■ P(0-ll)Sxp 




P -► S 




rS( " ) 


- PC " ) " 






TO 


rSk 


- 07TO 






Tr 


Cxm 


« EndGOTsm(Tr+Tp) 




M -* C (Fetch next instruction) 




sC(0~23) 


- M(0~23)Cxm 




Tr thru Tp 




rC( •• ) 


m TrCxm 








rla 


■ FlTi :BB 








rlx 


- Tr(FlF3)(GOHt) 






TP 


rAOO 
rBOO 


m TpEndGO 
- TpEndGO 








sCp 


- M24CxmHtTsTp 




Initiate parity 




rF(l-3) 


m TpEndSIc 




00 next 




Oc 


« TpEndSlc 








s02 


« Oc 




NOP (20) -+0 




rO(l,3,4,5,6) 


m OC 







48 



PIN 1 



33 



00 



PIN 



Parallel Input to Memory When Ready External Device -» (M) 



4 Cycles 
+ Wait 



T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


* (0OT8laGO)C2 




sO(-l,3,4,5,6) 


= C(3, 5,6,7, 8)Oxc 




r02 


« C&Oxc 


T7 


Ar3 


« (01020304)Q1 




sA(0-2) 


« A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


■ B(0-20)Ar3 




rB( " ) 


« B( " ) " 




Cr3 


* FlF2(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


* Add( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


= Xn(l-3)0O'Ix 




XT( " ) 


= Xn( " )0OIx+Ix 




Yz(l-3) 


= C(21-23)$7 




Yz( » ) 
sCz 


" C( " J." 
- KzQlT0#7 




rCz 


- KzQl 




sCp 


- (C2J©C22©C23)CpTsHtQlFlF2 




rCp 


- ( " )Cp 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


« Sc 


T3 


Sxc 


« T3F1F2JU 




sS(l,2) 


« Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


- fIto 


Tr 


Cxm 


■ Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


■ TrCxm 




sHt 
rlx 


- CpTdgP^ 

- Tr(FlF3)(GOHt) 




rKO 


- GOTrF? 


Tp 


sCp 


« M24Cxm3tT"sTD 




sF2 


- (TpTa0O)O3O4Rx r 



Initialize indexing 
Instruction -> 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -» C (Add«Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru TO 
T7 thru Tl 
T7 thru TO 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X- Ix -> S 



M -> C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity J 
02 next clock (T8) 
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PIN 2 



02 



T7 


Ar3 

sA(0-2) 
rA( " ) 


- (01020304)Q1 
« A(21-23)InrAr3 
«A( " ) " 








sA(3-23) 


* A(0-20)Ar3 


Recirculate A T7 


thru TO 




rA( " ) 


-X( " ) " 








sB(0-2) 


- B(21-23)fnrAr3 








rB( " ) 


m B( " ) " 








sB(3-23) 


- B(0-20)Ar3 


Recirculate B T7 


thru TO 




rB( » ) 


= "B( " ) " 








Cxi 


« (FlF2F306Ts)02Q105 








sC(0-23) 


=» CxiCdO 


External Device -» C T7 


thru TO 




rC( " ) 


= CxiQ2 








sRf 


- Q2F306F2Rt 


External "Device ready (Rt) 




TO 


rCz 


» fIto 






Tp 


sFl 


- (Tp(FlF30 10304) IaRf) 


04 next if Rf 






rF2 


- ( __ " )02 


02 next if Rf 






rRf 


« TpFL(GOHt) 







The Computer will continue to repeat 02 until the External Device transmits to C, 
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PIN 3. 



04 



T8 


rC24 


■ T8 (jdSr) 
- F1F3JP© 


Initialise parity generation 




ala 


Initialise P register increment 




Mxc 


«■ 04Tsm 


T£ thru Tp 


T7 


Ar3 


- (01025504)Q1 






iA(0-2) 


m A(21-23)AnrAr3 






aA(3-23) 


«X( " ) •• 

m A(0-20)Ar3 


Recirculate A T7 thru TO 




rA.( " ) 


-X( •• ) •• 






8B(0-2) 


- B(21-23)BnrAr3 






rB( " ) 
nB(3-23) 


- B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( •• ) 


- "B( " J. " 






Cr3 


- F1F3(TbQ1) 






sC(0-2) 
rC( " ) 


* C(21-23)04OlO4O6TsCr3 
- "c( " ) " 


Recirculate C T7 thru TO 




»C(3-23) 


m C(0-20)Cr3 






rC( " ) 


• C( » ) " 






Pr3 

sPO 


- (T1GMQ2 






• (P12Q3P13P14Ia)Fl<2O(tf26S05O6)Pr3 






rPO 


- < " ) 






sPl 


- (P139P14Ia) M 






rPl 
sP2 


- ( " ) 

- (P14Gfca) 


f + l -+ * T7 thru T3 




rP2 


«< " ) 






sP(3-l4) 


• P(0~U)Pr3 






rP( " ) 
ria 


- (M#lSpl*iQ2Fl 

- (CG0C10C2) C25(Taf ar) (Q3-KJ5) 
» ( " )C24( " )( •■ ) 


; i| 


T6 


sC24 
rC24 


0*o«rm*e parity To thru Tr 


T3 


rH(0-24) 


- T3 


krairKv 


TO 
Tr 


rCp 

silt 




Parity error 




ria 


• TrFl_ 






1*0 


- TrC0F2 




Tp 


•J (1-3) 


• Tp04 


07 fcext elx>ck (79) 




»H(0-24) 
rM( " ) 


• G(0~24)MxcTp 

• T( •■ ) " 


C HH (3*W operand) 
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PIN 4 



07 T8 


End 


- F1F2 




Last cycle 


T7 


Ar3 
sA(0-2) 


- (0102O3O4)Ql 

- A(21-23)AnrAr3 








FA( '• ) 
aA(3-23) 


- A( " ) 

- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( " ) 


- A( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( » ) 
sB(3-23) 


- B( " ) 

- B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( " ) 


- B( " ) " 








Pr3 


- F1G0Q2 








sP(0-2) 


- P(12-14)IaFlGO(555250506)Pr3 






rP( " ) 

sP(3-14) 


- P( " ) " ( 
» P(0-ll)Pr3 


it \ ii - 


Recirculate P T7 thru T3 




rP( " ) 


- P( » ) " 






T4 


Sc 


» T4EndInr 








rS(l-14) 


■ Sc 




Clear S 


T3 


Sxp 


- T3IntEndG0 








sS(l,2) 
rS( " ) 


- P(i3,14)IaFlG0(05550506)Sxp 
-t( " ) " ( " ) " 


P(13,14) contains P(l > 2) at T3 




sS(3-14) 


- P(0-ll)Sxp 




P -+ S 




rS( " ) 


- P( " ) " 






TO 


rSk 


- 07TO 






Tr 


Cxm 


■ EndGOTsm(Tr+Tp) 




M -» C (Fetch next instruction) 




sC(0-23) 


* M(0-23)Cxm 




Tr thru Tp 




rC( M ) 


- TrCxm 








rla 


- FITi ^ 








rlx 


* Tr(FlF3)(G0Ht) 






Tp 


rAOO 
rBOO 


- TpEndGO 

- TpEndGO 








sCp 


- M24CxmHtTsTp 




Initiate parity 




rF(l-3) 


« TpEndSlc 




00 next 




Oc 


*». TpEndSF 








s02 


-.Oc 




NOP (20) -♦O 




10(1,3,4,5,6) 


- Oc 
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STA 1 



35 

f 


STA 


Store A 


00 T8 


rCz 


« 0OT8 




six 


m 0OT8C1GO 




Oxc 


» (0OT8IaGO)C2 




sO(l,3,4,5,6) 


« C(3,5,6,7,8)Oxc 




r02 


» C^Oxc 


T7 


Ar3 


« (01020l04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


« A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


-1( " ) 




sB(3-23) 


- B'(0-20)Ar3 




rB( " ) 


« B( " J» " 




Cr3 


- Flf^(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


- Xn(l-3)0O«Ix 




XT( " ) 


- Xn( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)fl7 




yZ< " ) 


» KzQlT0(j7 




sCz 




rCz 


■ KzQl 




sCp 


- (C21©C22QC23)CpTsHtQlFlF2 




rCp 


- ( " )Cp 


T4 


Sc 


- T4FlF2Inr 




rS(l-U) 


m SC 


T3 


Sxc 


. » T3F1F2JU 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


« fIto 


Tr 


Cxra 


- Ju0OTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


« TrCxm 




sHt 
rlx 


- CpTj£feog% 

» Tr(FlF3)(G0Ht) 




rKO 


« GOTrFT 


Tp 


sCp 


- M24CxmStTsTp 




sFl . 


- (Tp!Ta0O)O3O4 



A -» (M) 



3 Cycles 



Initialize indexing 
Instruction -* 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -* C (Add«Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X* Ix -> S 

M -> C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 
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STA 1 



04 T8 



T7 



T6 

T3 
TO 
Tr 



Tp 



rC24 


■ T8 UsS5) 


Initialing purity generation 


sla 


« FlpQ© 


Initialing P register increment 


Mxc 


" 04T8»T 


T8 thru Tp 


Ar3 


- (01025304) Ql 




sA(0-2) 


- A(21~23)AnrAr3 




rA( •' ) 
sA(3-23) 


-T( " ) M 
- A(0-20)Ar3 


Recirculate A T7 thru TO 


rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 
sB(3-23) 


- B(0-20)Ar3 


lUdrculate B T7 thru TO 


rB( •' ) 


- B*( " J_ " 




Cr3 


- FlF3(TsQl) 




sC(0-2) 
rC( " ) 


» A(21-23)04O4O5TsCr3 
- A( " ) 


A hi C T7 thru TO 


sC(3-23) 


• C(0-20)Cr3 




rC( " ) 


. ^r „ ) .. 




Pr3 


. (F1G0^02 




sPO 


- (P139?13P14Ia)FlGO(020^O506||i3 




rPO 


- ( ) 




sPl 


" (P 1 ^ 14 ^) 




rPl 
sP2 


- (P149U) 


e -f 1 -» P T7 thru 


rP2 


- ( " > 




sP(3-14) 


» P(0-ll)Pr3 


1 


rP( " ) 


«"P( » ) " 

- (ElM3Pt4)Q2Fl 

- (C09CJ9C2) C25(Tsf sr) (Q3+Q5) 
« ( " )C24( " )( " ) 




ria 

sC24 

rC24 


Generate parity T6 thru Tr 


rM(0-24) 


- T3 


Clear M 


rCp 


- TsT0HtK0(FlS7oi76)SfI 

- cpTi@c6?5 




sHt 


Parity error 


ria 


m TrFl 


, 


rKO 


- TrG0F2 




sF(l-3) 


» Tp04 


07 next clock (T8) 


sM(0-24) 
rM( " ) 


- C(0-24)MxcTp 


C -*M (Store operand) 
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STA 3 



07 T8 End 
T7 Ar3 

sA(0-2) 

rA( " ) 

«A(3-23) 

rA( •■ ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Pr3 

«P(0-2) 

rP( " ) 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sS(l,2) 

rS( •• ) 

»S (3-1,4) 

rS( •' ) 
TO rSk 
Tr Cxm 

sC(0-23) 

rC( M ) 

rla 

rlx 
Tp rAOO 

rBOO 

*Cp 

rF(l-3) 

Oc 

s02 

rO(l,3,4,5,6) 



- F1F2 ^ 

• (Q10255O4)gi 

• A(21-23)AnrAr3 

- I( " ) " 
» A(0-20)Ar3 

- A( •• ) " 

- B(21~23)5nrAr3 
«B( " ) •• 

- B(0-20)Ar3 
-I< " ) M 

- F1G0Q2 : -r— — r— 
P(12-14) I*FlCX)(02o2iO5O6) Pr3 



Last cycle 



Recirculate A 



Recirculate B 



( 



) 



-?( " ) 

- P(0-ll)Pr3 

- P ( M ) " 

- T^Endlnr, 

- Sc 

- T3IntEndG0 

- P(13,14)IaFl(JO(02O4O506)Sxp 



Recirculate P 



Clear S 



T7 thru TO 



T7 thru TO 



T7 thru T3 



*( " ) " ( 

■ P(0~ll)Sxp 
-?( »' ) M 

- 07TO 

« EndGOTs»(Tr+Tp) 
» M(0-23)Cxm 

- TrCxm 

- FIT* 

- Tr(flF3)(G0Ht) 

- TpEndGO 

- TpEndGO_ 

- N24CxxnHtT8Tp 
m TpEndgK 

m TpEndSk 
« Oc 

m OC 



) 



P(13,14) contains P(l,2) at T3 
P -*S 



M -* C (Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next 

NOP (20) -+0 
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STB i 



36 


STB 


Store B 




00 T8 


rCz 


= 0OT8 






six 


- 0OT8C1GO 






Oxc 


- (0OT8IaGO)C2 






80(1,3,4,5,6) 


- C(3,5,6,7,8)Oxc 






r02 


■ G&Oxc 


. 


T7 


Ar3 


« (01020l04)Ql 






sA(0-2) 


- A(21-23)AnrAr3 






rA( » ) 


- A( " ) " 






sA(3-23) 


- A(0-20)Ar3 






rA( » ) 


- A( » ) " 






sB(0-2) 


- B(21-23)BnrAr3 






rB( " ) 


-Tl( " ) 






sB(3-23) 


- B(0-20)Ar3 






rB( » ) 


- B( ".^ " 






Cr3 


- f1f5(TsQ1) 






sC(0-2) 


- Add(l-3)0OJuTsCr3 






rC( " ) 


- Add( " ) " 




* 


sC(3-23) 


■ C(0-20)Cr3 






rC( " ) 


- ?( " ) " 






Xz(l-3) 


■» Xn(l-3)0O-Ix 






XT( " ) 


- 1CT( " )0OIx+Ix 






Yz(l-3) 


- C(21-23)$7 






Yz( » ) 


- C"( » ±" 
» KzQlT0$7 






sCz 






rCz 


- KzQl 






sCp 


- (C21©C22(BC23)CpTsH 


tQlFlF2 




rCp 


- ( " )c P 


it 


T4 


Sc 


« T4FlF2Inr 






rS(l-U) 


m So 




T3 


Sxc 


- T3Flf5ju 






88(1,2) 


* Add(2,3)Sxc 






sS(3-14) 


■ C(0-ll)Sxc 




TO 


rCz 


» fIto 




Tr 


Cxm 


- Ju0OTsm(Tr+Tp) 






sC(0-23) 


m M(0-23)Cxm 






rC( " ) 


« TrCxm 






sHt 
rlx 


- CpT^pR0g^_ 

- Tr(FTF3)(G0Ht) 






rKO 


« GOTrF? 




Tp 


sCp 


« M24CxmStfsTp 






sFl 


- (TpTS0O)O3O4 





B -» (M) 



3 Cycle 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X-Ix -*C (Add«Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru _ 
T7 thru Tl 
T7 thru TO 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X- Ix --» S 



M -» C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 
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STB 2 



04 T8 


rC24 


* T8 ffgtp) 






Initial!** parity generation 




sla 


«■ FlftQQ 






Initialise P register 


increment 


T7 


Mxc 

Ar3 


■ 04taqT 

- (Q102g504)Ql . 

• A(2l<**3)inrAr3 






.. 


T§ thru Tp 




sA(0-2) 












rA( " ) 
sA(3-23) 


- A(0-20)Ar3 






Recirculate A 


T7 thru TO 




rA( " ) 


■ A( M ) M 












sB<0-2) 


- B(21-23)BnrAr3 












rB( " ) 
sB(3-23) 


- B(0-20)Ar3 






Recirculate B 


tC7 thru TO 




rB( •• ) 


• T( "■ J, •• 












Cr3 


- FlF3(TaQl) 












aC(0-2) 
rC( » ) 


- B (21-23) 04O4O&TsCr3 
• B( " ) 






B »■* C 


X7 thru TC 




sC(3-23) 


• C(0^20)Cr3 






■ *' 






rC( " ) 


. c*( it ) ti 












Pr3 
sPO 


- (F1G0)Q2 












- (P12®P13P14Ia)FM»(02O4«»Oo)rr3 






rPO 


m ( ) 


it 










9P1 


- <PUQF14Xa) 


•t 










rPl 
sP2 


- (P14©ta) 


M 
II 




F + i-»l 


T7 thru T3 




rP2 


- ( " ) 


II 










sP(3-14) 


« P(0«U)Pr3 










T6 


rP( » ) 
ria 
sC24 
rC24 


«1 « » 

« (otaa9c2)a?^«TB?)w^5) 

- ( M )C24( " )( M ) 


(Senerete parity 


T6 thru T 


T3 


rM(0~24) 


• T3 






Clear M 




TO 


rCp 


- ftTOH^m??oi?S)ff 










Tr 


sHt 






Parity error 






ria 


• TrFl_ 












rKO 


» TrOOF2 










Tp 


sF(l-3) 
sM(0-24) 
rM( •■ ) 


» Tp04 

» C<0-24)MxcTp 

• TT< •» ) » 




• 


07 next clock (t8) 
C -*M (Store operand) 
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STB 3 



07 



T8 


End 


« F1F2 




Last cycle 




T7 


Ar3 

sA(0-2) 
rA( " ) 


- (Q1020304)Q1 

- A(21-23)AnrAr3 

- A( " ) 










sA(3-23) 


- A(0-20)Ar3 




Recirculate A T7 thru 


TO 




rA( " ) 


- A( " ) » 










sB(0-2) 


- B(21-23)BnrAr3 










rB( " ) 


- B( " ) " 










sB(3-23) 


- B(0-20)Ar3 




Recirculate B T7 thru 


TO 




rB( " ) 


-1( " ) " 










Pr3 


- F1GOQ2 










sP(0-2) 


» P(12-14)IaFlGO(55o2f0506)Pr3 








rP( " ) 
sP(3-14) 


- ?( " ) " ( 

- P(0-ll)Pr3 


II \ II 


Recirculate P T7 thru 


T3 




rP( " ) 


" P"( " ) " 
• T4EndInr 








T4 


Sc 










rS(l-14) 


« Sc 




Clear S 




T3 


Sxp 


- T3IntEndGO «__ 










sS(l,2) 
rS( M ) 


- P(13 > 14)IaFlGO(S5b^0506)Sxp 

m *f( " ) " ( II ) M 


P(13,14) contains P(l,2) at T3 






sS(3-14) 


- P(0-ll)Sxp 




P ~> S 






rS( " ) 


m Y( •• ) M 








TO 


rSk 


- 07TO 








Tr 


Cxm 


« EndGOTsm(Tr+Tp) 




M -» C (Fetch next instruction) 






sC(0-23) 


- M(0-23)Cxm 




Tr thru 


Tp 




rC( " ) 


- TrCxm 










rla 


« FlTi x= 










rlx 


- Tr(flF3)(GOHt) 








Tp 


rAOO 


« TpEndGO 










rBOO 


« TpEndGO 










sCp ■' 


- M24CaonHtTsTp 




Initiate parity 






rF(l-3) 


■ TpEndSlc 




00 next 






Oc 


« TpEndSIc 










s02 


m OC 




NOP (20) ->0 






rO(l,3,4,5,6) 


m OC 
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STX 1 



37 


STX 


Store X 


00 T8 


rCz 


- 0OT8 




six 


» 0OT8C1GO 




Oxc 


= (0OT8laGO)C2 




sO(l,3,4,5,6) 


« C(3,5,6,7,8)Oxc 




r02 


■ C^Oxc 


T7 


Ar3 


- (Ol020l04)Ql 




sA(0-2) 


« A(21-23)AnrAr3 




rA( » ) 


- A( » ) " 




sA(3-23) 


« A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


» B(21~23)BnrAr3 




rB( " ) 


»*B( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


. B( M ._2 " 




Cr3 


- FlF2(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Add"( " ) 




sC(3-23) 


■ C(0-20)Cr3 




rC( " )' 


- C( " ) " 




Xz(l-3) 


= Xn(l-3)0O-Ix 




XT( " ) 


- 3CT( " )0oix+ix 




Yz(l-3) 


- C(21-23)37 




Yz( » ) 
sCz 


« C*( " J_" 
- KzQlT0#7 




rCz 


■ KzQl 




sCp 


- (C2j£C22©C23)CpTsHtQlFlF2 




rCp 


- ( " )Gp 


T4 


Sc 


■ T4FlF2Inr 




rS(l-14) 


■ Sc 


T3 


Sxc 


- T3F1F2JU 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


- fIto 


Tr 


Cxm 


■ 3u0OTsm(Tr+Tp) 




sC(0-23) 


m M(0-23)Cxra ' 




rC( " ) 


« TrCxm 




sHt 


- CpT^COg^ 

- Tr(FTF3)(G0Ht) 




rlx 




rKO 


- GOTrF? 


Tp 


sCp 


» M24CxraStTsTp 




sFl 


- (TpIi0O)O3O4 



X -*C 



3 Cycles 



Initialize indexing 
Instruction -4 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -> C (Add»Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru TO 
T7 thru Tl 
T7 thru TO 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X- Ix -> S 



M -> C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 
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STX 1 



04 



T8 


rC24 


■ T8 jff§15) 




sla 


» F1F3@@ 




Mxc 


« 04Tsra 


T7 


Ar3 


« (01020304)Q1 




sA(0-2) 


• A(21-23)AnrAr3 




rA( » ) 


- A( " ) •• 




sA(3-23) 


» A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


* B(21~23)BnrAr3 




rB( " ) 


»TT( " ) " 




sB(3-23) 


- £(0*20^3 




rB( " ) 


" TC" ) " 




Cr3 


- rm&iqi) 




sC(0-2) 


" rtJ3W0>^4O4O5O6TsCr3 




rC( " ) 


■ iBc #' S " 




sC(3-23) 


• c3|<&C0Cr3 




rC( " ) 


- 15f*»i ) »• 




Pr3 
sPO 


- Ottlbc»02 




« (Pl3®P13P14Ia)Fl<X)(0502k)506; 




rPO 


- ( . " ) 




sPl 


- (PU9iP14la) 




rPl 


- ( " ) 




sP2 


=» (P14©La) 




rP2 


- ( " ) 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


- P( " ) " 

- (p12pi3pU}q2fi_. 

- (C0©Cl©C2)C25(T8f er) (Q3+Q5) 


T6 


ria 
sC24 




rC24 


« ( " )C24( " )( " ) 


T3 


rM(0-24) 


- T3 


TO 
Tr 


rCp 

sHt 


m TsTOHtKO(Fl<ZF701#6)erc: 
- CpTi@K5|5 




ria 


- TrFl 




rKO 


- TrG0F2 


Tp 


sF(l-3) 


» Tp04 




sM(0-24) 


■ C(0-24)MxcTp 




rM( " ) 


- 7T< •• ) » 



Initialize parity generation 
Initialize P register Increment 

T§ thru Tp 



Recirculate A 



Recirculate B 



X -*C 



P + 1 ->P 



T7 thru TO 



T7 thru TO 



T7 thru TO 



T7 thru 



Generate parity 
Clear M 

Parity error 

07 next clock (T8) 
C -*M (Store operand) 



T6 thru Tr 
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STX 3 



07 T8 


End 


- F1F2 


T7 


Ar3 


» (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




FA( " ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


* B(21-23)BnrAr3 




rB( •' ) 


- B( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


- B( " ) » 




Pr3 


" F1G °Q 2 w _ 




sP(0-2) 


- P(12-14)IaFlG0(O2O4O506)Pr3 




rP( " ) 


« P( >• ) ' » ( » ) »■ 




sP(3-14) 


« P(0-ll)Pr3 




rP( " ) 


a p( M ) " 


T4 


Sc 


» T4EndInr 




rS(l-14) 


« Sc 


. T3 


Sxp 


» T3IntEndG0 




sS(l,2) 


» P(13, 14) IaFlGO (0^04050 6) Sxp 




rS( u ) 


- fc( " ) " ( " ) " 




sS(3-14) 


- P(0-ll)Sxp 




rS( n ) 


- T( " ) " 


w TO 


rSk 


= 07TO 


Tr 


Cxm 


« EndG0Tsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


« TrCxm 




rla 


- FITj; ^g. 




rlx 


■ Tr(FlF3)(G0Ht) 


Tp 


rAOO 


« TpEndGO 




rBOO 


« TpEndGO 




sCp 


- M24CxtnHtTsTp 




rF(l-3) 


* TpEndstc 




Oc 


** TpEndST 




s02 


o Oc 




rO(l,3,4,5,6) 


« Oc 



Last cycle 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Recirculate P 



Clear S 



T7 thru T3 



P(13,14) contains P(l,2) at T3 
P -*S 



M -» C (Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next 

NOP (20) ->0 
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SKS 1 



40 



00 T8 



SKS 10400 



Channel Inter-Record Test 
(W Buffer) 



05 T7 



T4 



T3 



Tr 



Tp 



rC24 


« T8(TsTsr) 


rCz 


= 0OT8 


sFl 


= (0OT8laC2C5CB(C3+cZ)) 


sF3 


= ( " ) 


sHz 


= T8 


sla 


= 0OT8laC2C5C8(C3-*c7) 


Oxc 


= (0OT8TaGO)C2 


sO(i,3,4,5,6) 


= 0xcC(3,5,.6,7,8) 


r02 


= OxcC4" 


Skr 


= C1C17C9C10C11C19C20C21C22C23C15W 


Sks 


= Skrz 


Ar3 


- (010203"04)Q1 


sACO-2) 


= A(21-23)AlTrAr3 


rA( " ) 


= X( " ) " 


sA(3-23) 


= AG0-20)Ar3 


rA( " ) 


- A( " ) " 


sB(0-2) 


= B(21-23)BnrAr3 


rB( " ) 


= BC " ) 


sB(3-23) 


= BCO-20)Ar3 


rB( " ) 


= "B( " ) M 


End 


= 05BT73 


Pr3 


- (F1G0)22 


sPO 


= (FlG0(026ZO506))(Pl2@(Pl3P14Ia)) 


rPO 


= ( " )(P12©(Pl3P14Ia)) 


sPl 


= ( " )(Pl30(Pl4Ia)) 


rPl 


= ( " )(Pl3©(pUTi)) 


sP2 


= C " )CPl4€Ta) 


rP2 


= ( " )CPl^ta) 


rla 


= (P12P13P14)Q2F1 


sP(3-14) 


= PC0-ll)Pr3 


rP( " ) 


= F( " ) " 


Sc 


= T4(End+FlF2)Inr 


rS(l-14) 


= Sc 


Sxp 


= T3Int(End-KJuEax)GO+T3Kmd 


sSl 


= (FlGOC6Tc T 4VT306))(Pl3@CPl-AIa))Sxp 


sS2 


= ( " )(Pl4©Ia)Sxp 


sS(3-14) 


= P(0-ll)Sxp 


Cxm 


= EndGQTsm(Tr-fTp) 


sC(0-23) 


= M(0-23)Cxra 


rCC " ) 


= TT( " ) " 


rla 


= TrFl 


rlx 


= Tr(F"TF3)(CCHt) 


rRc 


= Tr 


sSk 


= 05OlC^ATTOTrSks 


rFl 


- TpEndST 


sF2 


» TpSk 


rF3 


= TpEndSlc 


rRf 


- Tp0T(G7THt) 


rJu 


- Tp 


Oc 


= TpEndSE 


rO(l, 3, 4, 5, 6) 


= Oc 


s02 


- Oc 62 



Inter "Re cord Condition I Cycle 
Not True = P + 1 -> P 
Inter-Record Condition 2 Cycles 
True = P + 2 -> P 



05 next. (17) 

Initiate P register increment 

C(3-8) -» instruction to register 

Signal complete 



Recirculate A 

Recirculate B 
Last cycle 

P-f 1 -> P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



M 



Tr ■+• Tp 



Skip if Sks 

00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -»0 



SKS 2 



07 



T8 


rC24 


= T8(TsTTF) 




Ck 


= 07T8TT 




End 


= F1F2 




sla 


= T807Sk^fr) 


T7 


Ar3 


= (01020l04)Ql 




sA(0-2) 


= A(21-23)A"nrAr3 




rA( " ) 


= A( " ) 




sA(3-23) 


» A(0-20)Ar3 




rA( » ) 


- X( " ) " 




sB(0-2) 


= B(21-23)BnTAr3 




rB( " ) 


= 1"( " ) 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


- T( " ) " 




Cr3 


= 07O~5(TsQl) 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


= C"( " ) " 




Pr3 

sPO 


- (F1G0)Q2 




- ((FlGO)(O~50"4O"5O6))(Pl29(P13P14Ia 




rPO 


« ( " )(Pl®(Pl3Pl4Ia 




sPl 


= ( " )(P13©(P14Ia)) 




rPl 


^ ( " ) (P13©CP14la)) 




sP2 


- ( " )(P143la) 




rP2 
rla 


- ( " )(P14&ta) 




= (P12P13P14)Q2F1 




sP(3-14)- 


= P(0-ll)Pr3 




rP( " ) 


=P( " ) " 


T4 


Sc 


= T4EndTnr 




rS(l-14) 


= Sc 


T3 


Sxp 
sSl 


= T3TntEndG0 




« (FlG0(0^047B06))(P139(.Pl4Ia))Sxp 




sS2 


- ( " )(Pl4,£H:a)Sxp 




sS(3-14) 


= P(0-lL)Sxp 


TO 


rSk 


» 07TO 


Tr 


Cxm 


=* EndGOTsm(Tr-fTp) 




sC(0-23) 


=> M(0-23)Cxm 




rC( " ) 


= "M( " ) " 




rla 


= TrFl 




rlx 


= Tr(FlF3)(G0Ht) 




rRc 


= Tr 


Tp 


sCp 


= M24CxmHtTsTp 




rF(l-3) 


= TpEndSk* 




rRf 


^ Tpftl(GOHt) 




rJu 


~ Tp 




Oc 


;= TpEndST 




rO(l,3,4,5,6) 


= Oc . 




s02 


= Oc 



La s t cy c 1 e 

Initiate P register increment 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



P4-1 -» P 



T7 thru T3 



Clear S 

P -> S 

Reset skip 
M -» C 



Initiate parity 
00 next clock (T8) 

NOP ~>0 
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SKS 3 



40 SKS 1050.0 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

s0(l,3,4,5,6) 

r02 

Skr 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB'3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rc; " ) 

rla 
rlx 
rRc 
sSk 
Tp rFl 
sF2 
rF3 
rRf 
rju 
Oc 

rO(l,3,4,5,6) 
s0 2 



Channel Inter-Record Test 
(Y Buffer) 



Inter "Record Not True « 1 Cycle 
* + 1 -» P 

Inter-Record True « 2 Cycles 

P + 2 -»P 



■■■•- T8(TsTsr) 

= 0OT8 

= (0OT8IaC2C3ClkC3>C4*)) 

- ( " ) 

= T8 __ 

= 0OT8IaC2C5cB(C3+c2+) 
= (0OT8IaGO)Cl 
= OxcC(3,5,0,7,8) 

= OxcC4" 

= C1CT7C^CT^C11CT9C20C21C22C23C15YSC 
= Skrz 



05 next (17) 

Initiate P register increment 

C(3-8) - :• instruction to register 

Signal complete 



- (Ol020504)Ql 

= A(21-23)AnrAr3 

»T( " ) " 

= A_G0-20)Ar3 

- a( •• ) ;_ 

= B(21-23)BnrAr3 

= ¥( " ) 
= B(0-20)Ar3 
= "B( " ) " 

- 05BT23 

'FlGO QJZ 

[FlGO(0204O506))(P12©(P13P14Ia)) 

)(pT2^'pT3pT4Ta)) 

) (Pl3$<P14Ia ) ) 

)(P14#-Ia) 
= ( " )(Pl4©ta) 

- (pi2pl3P14)Q2Fl 
= P(0-Ll)Pr3 

= T( " ) "__ 

- T4(End+FlF2)Tnr 

- Sc 

= T3Int( End+JuEax )GO+T3< 

- (Fl(X)(CT04^0b))(P13®CFl4Ia))Sxp 
= ( " )(P143£a)Sxp 
= P(0-ll)Sxp 
= EndGOTsm(Tr-fTp) 

- M(0-23)Cxm 

- TT( " ) '* 

- TrFl 

« Tr(FTF3)(C5Ht) 

= Tr 

= 05OlCfrA _ O"OTrSks 

= TpEndST 

= TpSk 

= TpEndSE 

= Tp0T(85iiL) 

« Tp 

= TpEndST 

- Oc 
= Oc 64 



Recirculate A 

Recirculate B 
La s t. cycle 

P4-L -» P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



M 



Tr + Tp 



Skip if Sks 

00 next clock (T8) if Sk not set 
07 n.'xL* clock (T8) if Sk set 



NOP (20) _>0 



SKS 4 



T8 rC24 

Ck 

End 

sla 
T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rAC " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC^3-23) 

rC( " ) 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
TO rSk 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp sCp 

rF(l-3) 

rR£ 

rJu 

Oc 

rO(l,3,4,5,6) 

s0 2 



= T8(TsTs~r) 
= 07T8Ts 
= F1F2 

■■* T 807Sk^jfcr) 
« (01020~304)Q1 
= A(21-23)AnrAr3 
= A( " ) 
* A(0-20)Ar3 
= X( " ) " 

= B(21-23)BTTrAr3 

« ¥( " ) 

•= B(0-20)Ar3 

= T( " ) " 

= 07O~d(FsQ1) 

» C(0-20)Cr3 

= C"( " ) " 
;F1G0)Q2 

(F1GO) (tfl&ftbOb) ) ( FL2©( Pl3Pl4Ia)) 
) (Pl®(Pl3pT5TI) ) 
)( P13@(Pl4Ia )) 
)(P13@(P14Ia)) 
) (Pl4$la) 
)(Pl^Ea) 



Last cycle 

Initiate P register increment 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 







P+l 



T7 thru T3 



P12P13P1A)Q2F1 
= P(0-ll)Pr3 
= P( " ) " 

- T4EndTnr 
=-- Sc 

- T3TnLE ndG0 

« (FlG0(0 20~40l06))(P139(Pl4Ia))Sxp 

- ( " )(P14©La)Sxp 
= P(0-ll)Sxp 

« 07TO 

« EndG0Tsm(Tr+Tp) 

« M(0-23)Cxm 

- "FR " ) " 

= TrFl __ 

« Tr(FLF3)(G0Ht) 

- Tr 

« M24CxmHtTsTp 

« TpEndSk 

« TpP(GOHt) 

= Tp 

= TpEndSlc 

= Oc 

= Oc 



Clear S 

P -> S 

Reset, skip 
M -> C 



Initiate parity 
00 next, clock (T8) 

NOP -»0 
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SKS 5 



40 



SKS 20001 



Skip if Overflow not set 



Set = P+l -» P reset overflow 1 C^le 
Reset - P+2 -» P 2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

siiz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA(" ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-U) 
T3 Sxp 

sSl 

sS2 

sS(3~14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



- T8(Tsfsr) 

« 0OT8 __ 

» (0OT8IaC2C5O8(C3+C4)) 

- ( " ) 
■ T8 

«= 0OT8laC2C5C8(C3+C4) 

- (0OT8IaGO)C2 

- OxcCp,5,6,7,8) 
* 0xcC4 

- (C10Cll)C2 30f 

- (01020504)Q1 • 
« A(21-23)AnrAr3 
■* X( " ) " 

= A(0-20)Ar3 

- T< " ) 2_ 

- B(21-23)BnrAr3 

- ¥( " ) 

- B(0-20)Ar3 
-¥( " ) " 
« 05Bc23 

;F1G0)Q2^__ 

;FlGO(02o"4O3O6) ) ( P12®(P13Pl4la ) ) 
)(PiagXP13P14Ia» 
)( P13®(P14Ia )) 
)(P13©(P14la)) 
)(Pl^a) 



:•) 




;P12P13P14)Q2F1 
« P(0-ll)Pr3 

= T( " ) " 

= T4(End+FlF2)Inr 
= Sc 

- T3Int (End+JuEax )GQ+T: 
» (FlGO(0^0403o6))(P13^CE r 14Ia))Sxp 
» ( " )(Pl#gLa)Sxp 
= P(0-ll)Sxp 
* EndGOTsm(Tr+Tp) 
« M(0-23)Cxm 

-TT( " ) " 

" Tr Fr 

» Tr(FlF3)(G7)Ht) 

■» Tr 

« 05OlO4AOOTrSks 
« TpEndSk 
" TpSk __ 

- TpEn dSk 

- Tpfti(GOHt) 
«Tp 
» TpEndSk 

- Oc 
«= Oc 

66 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 
Overflow not: set 



Recirculate A 

Recirculate B 
last cycle 

P+l -> P 



Clear S 



M 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



Skip if Sks 

00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) ->C) 



SKS 6 



07 T8 rC24 

Ck 

End 

sla 
T7 Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(3-23) 

rC( " ) 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 

Sc 

rS(l-14) 

Sxp 

sSl 

sS2 

sS(3-14) 

rSk 

Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp sCp 

rF(l-3) 

rRf 

rJLu 

Oc 

rO(l,3,4,5,6) 

s02 



T4 



T3 



TO 
Tr 



* T8(TsTsr) 
« 07T8Ts 

- F1F2 

" T MZ§id5© 

- (0102050 4) Ql 

- A(21-23)AnrAr3 
= 1( " ) 

- A(0-20)Ar3 
= ~K( " ) " 

- B(21-23)BnrAr3 
»^( " ) 

- B(0-20)Ar3 

- ¥( " ) " 
« &705(TsQl) 

- C(0-20)Cr3 
'« TT( " ) " 

;f1G0)Q2 
(F1G0) (0^040506) ) (P12©(P13P14Ia) ) 

) ( " ") 

)(P13©(Pl4Ia)) 

)( n ) 

)(Pl^a) 

)( rr ~) 



Last Cycle 

Initiate P register increment 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



P+l 



T7 thru T3 



Clear S 



- (p12p13pU)Q2F1 

- P(0-ll)Pr3 
= T{ " ) " 

- T4EndInr 

m SC 

« T3lntE ndG0 

» (FlG0(C^M0l06))(P13®CPl4la))Sxp 

» ( " )(P14©La)Sxp P -»S 

« P(0~ll)Sxp 

- 07TO Reset skip 

= EndG0Tsm(Tr+Tp) 

= M(0-23)Cxm M -> C 

■-H( » ) •• 



TrFl 



- Tr(FlF3)(G0Ht) 
« Tr 

=? M24CxrnHtTsTp 
» TpEn dSk 

- TpgTi(GOHt) 
■ Tp 

*■ TpEndSlc 
» Oc 
= Oc 



Initiate parity 
00 next clock (T8) 

NOP -> 
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SKS 7 



40 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



SKS 20002 


Skip if Interrupt Disabled 


Enabled ■ P+1 -> P 1 Cycle 
Disabled - P+2 -> P 2 Cycles 


rC24 


- T8(Tsfsr) 




rCz 


» 0OT8 




sFl 


= (0OT8IaC2C5C8(C3+C4)) 


05 next (T7) 


sF3 


- ( " ) 




sHz 


» T8 




sla 


- 0OT8laC2C5C8(C3+C4) 


initiate P register increment 


Oxc 


- (0OT8IaGO)C2 




50(1,3,4,5,6) 


- OxcCp,5, 6,7,8) 


C(3-8) -» instruction to registe 


r02 


» OxcC4 




Sks 


» (ClOCU)C22En 
- (01O203O4)Ql 


Interrupt disabled 


Ar3 




sA(0-2) 


= A(21-23)AnrAr3 




rA( " ) 


= T< " ) 


Recirculate A T7 thru TO 


sA(3-23) 


- A(0-20)Ar3 




rA(.-» ) 


-X( " ) " 




sB(0-2) 


» B(21-23)BnrAr3 




rB( " ) 


- ¥( " ) 


Recirculate B T7 thru TO 


sB(3-23) 


« B(0-20)Ar3 




rB( » ) 


«T( " ) " 




End 


- 05Bc23 


last cycle 


Pr3 
sPO 


- (F1G0)Q2 

- (FlG0(55?R8506))(P12©(P13Pl4Ia)) 




rPO 


- ( " )(pT2&(P13P14Ia)) 




sPl 


- ( " )(P13S(Pl4Ia)) 


P+1 -» P T7 thru T2 


rPl 


=» ( " )(P13tlXP14la)) 


sP2 


» ( " )(Pl<6*a) 




rP2 


- ( " . )(F14U!a> 




rla 


- (P12P13P14)Q2F1 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


«T( " ) " 




Sc 

rS(l-14) 


« T4(End+FlF2)Inr 

= Sc _. 


Clear S 


Sxp 


» T3Int(End+JuEax)GO+T3fcra^ 


. 


sSl 


« (FlGO(02040506))(Pl3®tPl4la))Sxp 




sS2 


- ( " )(Pl4gSa)Sxp 


P ->S 


sS(3~14) 


* P(0~ll)Sxp 




Cxm 


- En<JGOTsm(Tr+Tp) 




sC(0-23) 


= M(0-23)Cxm 


M -> C Tr + Tp 


rC( " ) 


« ¥( *• ) " • 




rla 


« TrFl_ 




rlx 


- Tr(FlF3)((50Ht) 


- 


rRc 


■» Tr 




sSk 


- 05OlO4AOOTrSks 


Skip if Sks 


rFl 


■ TpEndSk 




sF2 


■ TpSk 


00 next clock (T8) if Sk not set 


rF3 
rRf 


- TpEndSk 
«*Tpfll(GOHt) 


07 next clock (T8) if Sk set 


rJu 


« Tp __ 




Oc 


- TpEndSk 




rO(l,3,4,5,6) 


» Oc 


NOP (20) -*.0 


s02 


■ Oc 
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SKS 8 



07 



T8 


rC24 


• T8(TsTsr) 












Ck 


- 07T8Ts 












End 


■ F1F2 




Last Cycle 








sla 


«= T807SWTKr) 




Initiate P register 


increment 




T7 


Ar3 
sA(0-2) 


- (01020304)Q1 

- A(21-23)AnrAr3 












rA( '• ) 


«*( " ) 




Recirculate A 


T7 thru 


TO 




sA(3-23) 


» A(0-20)Ar3 












rA( » ) 


-1( " ) M 












sB(0-2) 


■» B(21-23)BnrAr3 












rB( " ) 


«^( » ) 




Recirculate B 


T7 thru 


TO 




sB(3-23) 


- B(0-20)Ar3 












rB( " ) 


-¥( " ) " 












Cr3 


- 076S(TsQl) 












sC(3-23) 


- C(0-20)Cr3 




-4 C 








rC( " ) 


- 7T( " ) M 












Pr3 


« (FXG0)Q2 












sPO 


« ((FlGO)(O2oZS506))(Pia9(P13Pl4la)) 








rPO 


a ( , 


)( 


1 








sPl 
rPl 




)(P13©(P14Ia)) 
) ( " ) 


P+l ~*P 


T7 thru 


T3 




sP2 


"* c 


)<PU©La) 










rP2 
ria 


SB ( 


)( " > 










- (P12P13P14)Q2F1 






sP(3-14) 


- P(0~ll)Pr3 












rP( " ) 


» f( " ) » 


• 








T4 


Sc 
rS(l-14) 


- T4EndInr 

m SC 




Clear S 






T3 


Sxp 

sSl 


- T3lntEndG0 


(PL39(Pl4la))Sxp 










« (F1G0 (020^0506)) 






sS2 


- ( " )(pi48n;a)sxp 


P ~>S 








sS(3~14) 


= P(0~ll)Sxp 










TO 


rSk 


- 07TO 




Reset skip 






Tr 


Cxm 

sC(0-23) 

rC( " ) 

ria 

rlx 

rRc 


- EndG0Tli5(Tr+Tp) 

= M(0-23)Cxm 

-H< " ) M 
■ TrFl 

- Tr(FlF3)(c5Ht) 

- Tr 




M ~>C 






Tp 


sCp 

rF(l~3) 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

302 


« M24CxmHtTsTp 
« TpEndjfc 

- TpfL(GOHt) 

- Tp 

■ TpEndSlc 
.« Oc 
» Oc 




Initiate parity 
00 next clock (T8) 

NOP -+0 
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SKS 



40 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



SKS 20004 


Skip of Interrupt Enabled 


rC24 


= T8(TsT"sr) 


rCz 


= 0OT8 


sFl 


- (0OT8IaC2C5C8(C3+C4)) 


sF3 


- ( " ) 


sHz 


- T8 


sla 


- 0OT8laC2C5C8(C3+C4) 


Oxc 


- (0OT8IaGO)C2 


sO(l,3,4,5,6) 


- OxcCp,5,6,7,8) 


r02 


" OxcC4 


Sks 


- (C10Cll)C21(En-dgrjft 


Ar3 


- (01020304) Ql 


sA(0-2) 


« A(21-23)£nrAr3 


rA( » ) 


» X( " ) 


sA(3-23) 


= A(0-20)Ar3 


rA(" ) 


- X( " ) " 


sB(0-2) 


« B(21-23)BnrAr3 


rB( " ) 


- T( " ) 


sB(3-23) 


- B(0-20)Ar3 


rB( " ) 


-*ff( " ) M 


End 


- 05Bc23 


Pr3 
sPO 


" (F1G0)Q2 

« (FlGO(O23*03O6))(P12®(P13P14la)) 


rPO 


- ( " ' )(P13©(P13P14Ia)) 


aPl 


« ( " )(Pl3©(Pl4Ia)) 


rPl 


- ( " )(Pl3©(P14la)) 


sP2 


- ( " )<P14&a) 


rP2 


- ( " )(Pl*ka) 


rla 


- (P12P13P14)Q2F1 


sP(3-14) 


- P(0-ll)Pr3 


rP( " ) 


-T(," ) " 


Sc 


- T4(End+Flf r 2)Inr 


rS(l-14) 


83 Sc 

- T3IntrEnd+JuEax>GCH-T3^^ 

» (FlG0(02040506))(Pl3©CPl4Ia))Sxp 


Sxp 


sSl 


sS2 


« ( " )(Pl4©ta)Sxp 


sS(3~14) 


- P(0~ll)Sxp 


Cxm 


* EndGOT sm (Tr+Tp ) 


sC(0-23) 


= M(0-23)Cxm 


rC( " ) 


«¥( " ) " 


rla 


" TrFl 


rlx 


- Tr(FTF3)(S&Ht) 


rRc 


m Tr 


sSk 


- 05OlO^AOOTrSks 


rFl 


■ TpEnd§k 


sF2 


» TpSk 


rF3 
rRf 


- TpEndSk 

- Tp$l(GOttt) 


rju 


- Tp _ 


Oc 


■ TpEndSk 


rO(l,3,4,5,6) 


- Oc 


s02 


- Oc 



Disabled - P+l -» P 1 Cycle 
Enabled - P+2 -» P 2 Cycles 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 

Interrupts enabled 



Recirculate A 

Recirculate B 
last cycle 

P+l '-* P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



P ->S 



M ~*C 



Skip if Sks 



Tr + Tp 



00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) ->0 
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SKS 10 



07 



T8 


rC24 

Ck 

End 


- T8(TsTsr) 

- 07T8TS 

- F1F2 






Last Cycle 






sla 


- T807SKl*r) 






Initiate P register 


increment 


T7 


Ar3 


- (0102C304) Ql 






i 






sA(0-2) 


- A(21«23)AnrAr3 












rA( » ) 


-7C( " ) " 






Recirculate A 


T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 












rA( " ) 


«7C( " ) " 












sB (0-2) 


- B(21-23)BnrAr3 












rB( " ) 


-!( " ) 






Recirculate B 


T7 thru TO 




sB(3-23) 


- B(0-20)Ar3 












rB( " ) 


- ¥( " ) " 












Cr3 


- 0755 (TsQl) 












sC(3-23) 


- C(0-20)Cr3 






-+ C 






rG( " ) 


« TJ( ". ) " 












Pr3 


- (F1G0)Q2 












sPO 


* ((F1G0) (02046506)) (PI 


.3®(Pi3Pl4la 


)) 






rPO 


- ( 


>r 


111 " ii 


) 






sPl 


- ( 


)(P13©(P14Ia)) 


P+l ->P 


T> thru T3 




rPl 


- ( . " 


)( 


) 








sP2 


- ( 


)<P14©La) 








rP2 


m ( " 


)( 


— n — 








rla 


- (p12p13p14)Q2F1 












sP(3-14) 


* P(0-U)Pr3 












rP( " ) 


-T( " ) " 










T4 
T3 


Sc 

rS(l-14) 

Sxp 


■ T4EndInr 

■ Sc 

- T3liitBndG0 






Clear S 






sSl 


» (FlGO (55o5o506» (Pl3©(P14Ia) ) Sxp 








sS2 


« ( " )(Pl4©La)Sxp 


P -*S 






sS(3~14) 


■ P(0«-ll)Sxp 










TO 


rSk 


- 07TO 






Reset skip 




Tr 

Tp 


Cxm 

sC(0-23) 

rC( •• ) 

rla 

rlx 

rRc * 

GCp 

rF(l-3) 
rRf 
rJu 
Oc 

rO(l, 3,4,5,6) 
' s02 


» EndGOTsa(Tr+Tp) 

« M(0-23)Cxm 

«U( » ) H 

- TrFl 

- Tr(FlF3)(C0Ht) 

« Tr 

^ M24CxmHtTsTp 

• TpEnd|| 

- Tpfa(GOHt) 

* Tp 

■ TpEndSE 

m Oc 

■» Oc 






M ->C 

Initiate parity 
00 next clock (T8) 

NOP -*0 





71 
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40 



SKS 20010 



W Buffer Error Test 



Error •■= P + 1 -> P 1 Cycle 

No Error - P + .2 -> P 2 Cycles 



00 T8 



05 T7 



T4 



T3 



Xr 



rC24 

rCs 

sFl 

8P3 

sHr 

sla 

Oxc 

80(1,3,4,5,6) 

x02 

Skr 

Sks 

Ar3 

sA(0-2) 

rA( •• ) 

sA(3-23) 

rA( •• ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

•P(3«14) 

rP( ." ) 

Sc 

rS(l-14) 

Stp 

sSl 

•S2 

sS(3-i4) 

Cxm 

$C(0-23$ 

tC( h ) 

rla 

*** 



n 



xfri 

•F2 
rP3 

Tjtf 

rjfu 

Oc 

*0(1,3,4,5 # 6) 

»02 



- T8(Tatfsr) 

* 0OT8 

m <0OT8TaClC5C5(C3+C5)) 

- ( " ) 

* T8 

- 0OT8Ta^c3eB(53-K&) 

- (0OT8TaGO)E2 

- OxcC(3,5,6,7,8) 

a OxcCS 

- ClOCTlC20WeCT 

- Sfrrz 

« (0102<5304)Q1 

* A(21-23)XnrAr3 
«T( " ) 

» A(0-20)Ar3 

- X( " ) " 

- B(21-23)SnrAr3 
«TT( " ) " 

- B(0-20)Ar3 
«TP( " ) M 

- 05fc73 
F1G0)Q2^_ 
FlGO(8!S?S5o6))(P12©(P13P14Ia)) 

)<*13K*13M4ia)) 

)(P13©(P14Ia)) 
)(pl3®(PKla)) 
)( P14$Ia) 
) ( gl4g«) 



pT5K5TOT)Q2Fl 

- P(0-ll)Pr3 

- 7( " ) " 

- T4(End4HP7)I5r 

• T3lH(jndMu|p)GO+T3@ 

- (FlG0<oSWffl06) ) <P139CPl4Ia) )Sxp 

- ( " )(Pl^SLa)Sxp 

- P(Q-U)8.xp 

- B&dOOfsSKTr-HTp) 
m M(0-23)Cw» 

-ir< w ) w 

- Tr Fl „■ 

- Xr(fIf5)(WSt) 

• Tr 

« fSOlGSJOTOXrSka 
» TpEndSJc , V : ' 
m TpSk 
■ TpBnd SE 

- Tp0T(flB5it) 

- xp • • 

• Xp£nd£E 

« Oc 

» Oc 72 



05 next (T7) 

Initiate P register increment 
C(3-8) -»0 instruction to register 

No Error Detected 



Recirculate A 

Recirculate B 
Last cycle 

P+l -»P 



Clear S 



M 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



Skip if Ska 

00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk aet 



NOP (20) -*0 



SKS12 



07 



T8 


rC24 

Ck 

End 


- T8(TsTsr) 

- 07T8Ts 

■ F1F2 *as~\ Last c y cle 






T7 


sla 
Ar3 
8A(0-2) 


• T807Sklfi£tf Initiate P register 
« (01026304)Q1 
- A(21-23)AnrAr3 


increment 






rA( " ) 
sA(3-23) 


■» X( " ) " 

« A(0-20)Ar3 Recirculate A 


T7 thru 


TO 




rA( " ) 


«X( " ) " 








sB(0-2) 


- B(21-23)BnfAr3 








rB( ,f ) 


-*(")" 








sB(3-23) 


- B(0-20)Ar3 Recirculate B 


T7 thru 


TO 




rB( " ) 


m T( " ) " 

- 07O"5(ffiQl) 








Cr3 








sC(3-23) 


m C(0-20)Cr3 -♦ C 








rC( " ) 


m ff( " ) " 








Pr3 


«■ (F1G0)Q2 








sPO 


- ( (F1G0) (0^O"Z»O"306) ) (P12©(P13P14Ia) ) 








rPO 


« ( » )(pia»(pi3pnia)) 








sPl 
rPl 


" ( " )( SISf»w? a)) P+l -+» 


T7 thru 


T3 




sP2 


- ( " )(Pl<fflta) 








rP2 
rla 


- ( " )(PWa) 








m (P12P13pU)Q2F1 






aP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


»T( " ) M 






T4 


Sc 
rS(l-14) 


» T4Endlnr 

m SC Clear S 






T3 


Sxp 
aSl 
sS2 
88(3-14) 


■ T3TntEndG0 

- (F1G0(0"20T£506>) (P13®(P14Ia) )Sxp 

- ( " )(P14S*a)Sxp P -*S 

- F(0-ll)Sxp 






TO 


r$k 


» 07TO Reset skip 






Tr 


Cxm 

»C(0-23) 

rC( " ) 

rla 

rlx 

rRc 


* EndGOTim(Tr-r-Tp) 

m M(0-23)Cxm M -> C 

-JR " ) " 

* Am HII mm MMi 'I » 

- Tr(flF3)(G0Ht) 
« Tr 






Tp 


•Cp 

rF(l-3) 

rRf 

rJu 

Oc 

s02 


■ M24CxjaStTsTp Initiate parity 
» TpEndSR 

- Tp5fI(00Ht) ^° next clock < T8 > 
» Tp 

*• TpEndSfE 

« Oc NOP ->0 

- Oc 
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00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



SKS 20020 


Y Buffer Error Test 


Error = P + 1 -> P 1 Cycle 
No Error = P + 2 -» P 2 Cycles 

* 


rC24 


» T8(TsTsr) 




rCs 


« 0OT8 




sFl 


- (0OT8fic2£5cB(C3+C3)) 




sF3 


« ( •• ) 


05 next (T7) 


sHz 


m T8 




sla 


- 0OT8lac"ic5CB(53-f2&) 


Initiate P register increment 


Oxc 


» (0OT8taGO)C2 




80(1,3,4,5,6) 


» QxcC(3,5,6,7,8) 


C(3-8) -»0 instruction to registei 


t02 


» OxcC£ 




Sfcr 


« C10CTiC19YeCl 




Sks 


• S^rz 


No error detected 


Ar3 


- (OIO203O4)Q1 




sACO-S) 


- A(21-23)XnrAr3 




rA( ,f > 


- T( " ) 




sA(3-23) 


- A(O-20)Ar3 


Recirculate A T7 thru TO 


rA( * ) 


- X( " ) " 




9*(0-2) 


- B(21-23)SnrAr3 




rB( •■-) 


«T( " ) " 




sB(3~23) 


- B(0-20)£r3 


Recirculate B T7 thru TO 


r»( M ) 


«T( " ) " 




End 


• 05ffc73 


Last cycle 


Pr3 

8*0 


- (Fl«nQ2 

« (J?lG0(02040506))(Pia©(P13P14Ia)) 




«P0 


- ( " )<*iaR*13H4U)) 




sPl 


- ( " )(P13$(P14Ia)) 




m 


~ ( " )(»13KPUr«)) 


P+l -> P T7 thru T3 


8?2 


- ( " )(P14©[a) 




rP2 


- ( " )(*14®ta) 




rla 


« (P12*»13I>U)Q2F1 




«P(3-14) 


- P(0-ll)Pr3 




rP( " ) 


«T( " ) " 




Sc 


- T4(End+fIFI)Tnr 




rS(l-14) 


™ S ° /""N 


Clear S 


S*p 
ftSl 


» T3Tnt(j^+Ju^)GO+T3fcttd 

- (FlG0(02O405O6))(P13©cn4Ia))Sxp 




•62 


- ( " )(P14©ta)Sxp 


P -»S 


8S(3-14) 


« P(0-ll)Sxp 




Cxxn 


- EndCX)Tsm(Tr-Hrp) 




sC(0-23)< 


- M(0-23)Cx» 


M -*.C Tr + Tp 


rC( w ) 


«1T( M ) ,l 




rla 


« TrFt 


* 


rlx 


■ - T*(TTF5)(B8Ht) 




rRc 


« Tr 




s8k 


- 05OlO*JOTTrSks 


Skip i£ Sks 


J*l 


«■ TpEndiTfc" 


, 


•F2 


«■ TpSk 


1 '0O next clock (T8) if Sk not set 


rF3 


• TpEndSE 


07 -next clock (T8) if Sk set 


tU 


- Tp0T(fflHt) 




rJu 


- Tp 




Oc 


« TpEndSk" 




rO(l,3,4,5,6) 


« oc 


NOP (20) -*0 


s02 


■ Oc • 74 





srs 14 



T8 


rC24 


* T8(TsTsr) 






Ck 


- 07T8T? 






End 


• F1F2 ^^^ L * 8t cycle 




T7 


ala 
Ar3 


" T8g7Slrfpid Initiate P register 
- <01020304)Q1 


increment 




iA<0-2) 


- A(21-23)XnrAr3 






rA( " ) 
aA(3-23) 


I A(0-20>Ar3 " Recirculate A 


T7 thru TO 




*A( M ) 


-X( M ) M 


i 




•1(0-2) 


• B(21*23)BnrAr3 






rB< " ) 
■B(3-23) 


- T( w ) " 

- B(0-20)Ar3 Recirculate B 


T7 thr* TO 




rB( " ) 


»T( " ) " 






Cr3 


- 0753 (TaQl) 






bC(3-23) 


• C(0-20)Cr3 -* C 






rC( " ) 


» Z{ » ) " 






Pr3 


- (P100>Q2 






sPO 


- ( (F1G0) (520*0506) ) (P12®(P13P14la) ) 






rPO 


-.( " )(K»cn3»WI«» 






8P1 


- ( " )(P13$(P14Ia)) _, 






rPl 


- ( •• )(Pl3KPHIa)) p+1 -* p 


T7 thru 13 




sP2 


- ( " HPHflU) 






rP2 


- ( " )(F1*EU) 






rla 


« (p12p!3pH)Q2F1 






sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 


- T( » J M 
» T4EndInr 




T4 


Sc 






rS(l-14) 


« sc cle * r s 




T3 


Sxp 
sSl 


- T3Tn£EndG0 

« CFlGO(tROA0506))(Pl33XP14la))Sxp 






sS2 


« ( " )(P14®La)Sxp P ~>S 






sS(3-14) 


» P(0-ll)Sxp 




TO 


rSk 


» 07TO Reset skip 




Tr 


Cxm 


■ EndGOTim(Tr+Tp) 






•C<0-23) 


« M(0-23)Cxm M -► C 






rC( " ) 


-TR ,f ) " 






rla 
rlx 


- TrFl 

- Tr(FlF3)(G0Ht) 






rRc 


« Tr 




Tp 


sCp 


« M24CxwHtTsTp i Initiate parity 






rF(l-3) 
rRf 


" SwcSit) 00 next clock <T8) 






rju 


a Tp 






Oc 


- TpEndSE 






rO(l,3,4,5,6) 


« Oc NOP ~>0 






802 


m OC 
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Skip if Break Point 4 not set 



BP4 set « P+l -» P 
BP4 reset ■ P+2 -» p 



1 Cycle 

2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

30(1,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( •• ) 

sA(3-23) 

rA(-" ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

*Rc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



T8(Tsfsr) 

0OT8 __ 

(0OT8IaC2C5C8(C3+C4) ) 

( " ) 

T8 

0OT8IaC2C5C8(C3+C4) 

(,<0OT8IaGO)C2 

0xcC£3,5,6,7,8) 

OxcC4 

(C10C11VC1 I 

(01026l04)Ql 

A(21-23)AnrAr3 

X< " ) •• 

A(0-20)Ar3 

X( " ) " 

B(21-23)BnrAr3 

"B"( " ) 

B(0-20)Ar3 

"B*( " ) " 

05BT23 
F1G0)Q2^_ 

F1GO(025*O"5O6) ) ( P12®(P13P14la ) ) 
)(Pl3$(P13Pl4Ia)) 
)(P13g(Pl4la)) 
)(P13QXP14la)) 
) ( Pl/gLa) 

1_ xpiraa 

P12P13P14)Q2F1 
P(0-ll)Pr3 

T( " ) •• 

T4(End+flFl)Inr 



= Sc 




T3Int(End4JuEax^G0+T: 

(F1GO (020^050 6)) (T13®CFl4la))Sxp 

( " )(Pl4+H:a)Sxp 

P(0~ll)Sxp 

EndGOTsm(Tr+Tp) 

M(0-23)Cxm 

K( " ) " 

TrFl -r __ 

Tr(FlF3)(GOHt) 

Tr 

05OlO4AOOTrSks 
TpEndSk 
TpSk _ 
TpEn dS* 
Tp?l(55Ht) 

T P _ 
TpEndSk 

Oc 

Oc 

76 



05 next (T7) 

initiate P register increment 
C(3-8) -» instruction to register 
Break Point 4 



Recirculate A 

Recirculate B 
last cycle 

P+l ->P 



Clear S 



P ->S 



M -»C 



Skip if Sks 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -»0 



SKS 16 



07 T8 


rC24 
Ck 


- T8(TsTsr) 

- 07T8Ts 








End 


• F1F2 ^^ 




Last Cycle 




s la 


« T807Sl<?j£r) 




Initiate P regist 


T7 


Ar3 
sA(0-2) 


• (010205o4)Ql 
- A(21-23)XnrAr3 








rA( » ) 
sA(3-23) 


-"X( M ) 
- A(0-20)Ar3 




Recirculate A 




rA( " ) 


«"X( " ) " ' 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


«*( M ) » 
- B(0*20)Ar3 




Recirculate B 




rB( " ) 


- 1( " ) M 








Cr3 


• 0755<fsQl) 








sC(3-23) 


- C(0-20)Cr3 




0-^C 




rC( " ) 


-XT( " ) " 








Pr3 
sPO 


- (FXG0)Q2 


if 

>))(P12$(P13P14Ia 






- ((FlGO)(«326455oe 


)) 




rPO 


■ ■ ( 


)( 


) 




sPl 
rPl 


a* ( 


)(P13©(P14Ia)) 
)( " ) 


P+l ->P 




sP2 


■ ( " 


)(Pl^a) 






rP2 
rla 


ob r 


X " ) 






- (*12p13pK)Q2F1 






sP(3-14) 


- P(0~ll)Pr3 








rP( " ) 


-T( M ) " 






T4 


Sc 


- T4EndJnr 








rS(l-14) 


m SC 




Clear S 


T3 


Sxp 

sSl 


- T3XatEndG0 


(P13tKPI4la))Sxp 






•• (FlCX)(0^O^O5O6)) 






sS2 


= ( " )(P14&Ia)Sxp 


P ->S 




sS(3~14) 


« P(0-ll)Sxp 






TO 


rSk 


- 07TO 




Reset skip 


Tr 


Cxra 


■ EndGOtsa(Tr+Tp) 








sC(0-23) 


= M(0-23)Cxm 




M ~>C 




rC< " ) 


« 1!( " ) " 








rla 
rlx 


- TrFl ^. 

- Tr(flF3)(C5Ht) 








rRc 


== Tr 






Tp 


sCp 


= M24CxraHtTiTp 




Initiate parity 




rF(l-3) 
rRf 


" TpBadjE 
- Tp8fl(G0«t) 




00 next clock (T8 




rJu 


« Xp 








Oc 


■ TpEndSIc 








rO(l,3,4,5,6) 


» Oc 




NOP -+0 




•02 


- Oc 







T7 thru TO 



T7 thru TO 



T7 thru T3 
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SKS 17 



40 



SKS 20100 Skip if Break Point 3 not set 



BP3 set ■ P+l -»p 
BP3 reset - P+2 -» P 



1 Cycle 

2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

80(1,3,4,5,6) 

r02 

Sks * 
05 T7 Ar3. 

sA(6-2) 

rA( " ) 

sA(3-23) 

rA(<" ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxxn 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 
a02 



T8(Tsfsr) 

0OT8 __ __ 

(0OT8IaC2C5C8(C3+C4)) 

T8 

0OT8laC2C5C8 (C3+C4) 

(0OT8IaGO)C2 

OxcCp,5,6,7,8) 

OxcC4 * 

(C10C11)C 17@3 



i03c 



- (01020304)Q1 

« A(21-23)AnrAr3 
« X( " ) 

- A(0-20)Ar3 

- X( » ) ^ 

» B(21-23)BnrAr3 
-T< " ) " 
■ B(0-20)Ar3 

« 05Bc23 

F1G0)Q2^___ 

F1G0(05855506) ) (P12®(Pl3Pl4la) ) 
)(Pia$(P13Pl4Ia)) 
)(P13©(P14Ia)) 
)(P13QXP14la)) 
)(Pl^a) 



S) 



P12P13P14)Q2F1 

- P(0-ll)Pr3 

■ T( " ) " 

- T4(End+F"IF2)Inr 
« Sc 

■ T3Int ( Endj-Ju Eax)GQfT3@ 

» (FlGO(0lo^O306))(Pl39CPi4Ia))Sxp 

= ( " ' )(Pl4£[a)Sxp 

« P(0~ll)Sxp 

« EndGOTsm(Tr+Tp) 

= M(0-23)Cxm 

-TT( " ) " 
" Tr Fl_ 

- Tr(FlF3)(55Ht) 

■ Tr 

- 05Ol55AOOTrSks 
* TpEndSk 

- TpSk 

- TpEn dSk 

- Tp$l(G0Ht) 

■ Tp _ ' 
» TpEndSk 

- Oc 

■ Oc 
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05 next (T7) 

initiate P register increment 
C(3-8) -» instruction to register 
Break Point 3 



Recirculate A 

Recirculate B 
last cycle 

P+l ->P 



Clear S 



P -*S 



M -+C 



Skip if Sks 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -»0 



SKS 18 



T8 


rC24 

Ck 

End 


» T8(T8Tsr) 
- 07T8Ts 

• F1F2 X 




Last Cycle 








sla 


- T8076ia5<Cr) 




Initiate P register 


increment 




T7 


Ar3 
sA(0-2) 


- (01020304) Ql 

- A(21-23)AnrAr3 












rA( •■ ) 


-X( " ) 




Recirculate A 


T7 thru 


TO 




sA(3-23) 


- A(0-20)Ar3 












rA( " ) 


«7C( " ) " 












sB (0-2) 


■ B(2i-23)EnrAr3 












rB( " ) 


-*( " ) 




Recirculate B 


T7 thru 


TO 




sB(3-23) 


- B(0-20)Ar3 












rB( " ) 


- ¥( " ) " 












Cr3 


- 076S(fsQl) 


' 










sC(3-23) 


- C(0-20)Cr3 




-> C 








rC( " ) - 


- TT( •' ) " 












Pr3 


- (F1G0)Q2 












sPO 


- ((FlGO)(o5o^0506))(P13®(P13P14Ia)) 








rPO 


Mt ( 


x 


1 








sPl 


** \ 


)(P13©(P14Ia)) 


P+l -* P 


T7 thru 


T3 




rPl 


m ( " 


)( " ) 


i 








sP2 


m ( " 


)(P1<@U) 










rP2 

ria . 


m ( 


)( " ) 










- (P12P13PH)Q2F1 






sP(3-14) 


- P(0-ll)Pr3 












rP( " ) 


« T( " J_" 










T4 


Sc 
rS(l-14) 


m T4EndInr 
m Sc 




Clear S 






T3 


Sxp 

' sSl 


- T3fntEndG0 


(Pl3$<P14Ia))Sxp 










■? (FlGO(0^02f05o6)) 






sS2 


- ( " )(Pl^ta)Sxp 


P -»S 








sS(3-14) 


- P(0-ll)Sxp 










TO 


rSk 


- 07TO 




Reset skip 






Tr 


Cxm 

sC(0-23) 
rC( " ) 
ria 


■ EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
«"H( " ) " 

■ TrFI 

- Tr(FlF3)(G0Ht) 




M -»C 








rlx 












rite 


■ Tr , 










Tp 


sCp 

r*(l-3) 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

nOt 


« M24Cxn0ltTsTp 
•« TpEndgk 

- TplKCOHt) 

m Tp 

■ TpEndSHc 

m Oc 

- Oc 




Initiate parity 
00 next clock (T8) 

HOP -> 
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SKS 19 



40 



SKS 20200 



Skip if Break Point 2 not set 



BP2 set 
BP2 reset 



- P+l -»P 
= P+2 -»P 



1 Cycle 

2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

s0(l,3,4,5,6) 

r02 

Sks 
05 T7 Ar3v 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA(" ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxjn 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rJu 

Oc 

rO(ip,4,5,6) 
sp2 



T8(TsT"sr) 

0OT8 _ __ 

(0OT8IaC2C5C8(C3+C4) ) 

( " ) 

T8 

0OT8laC2C5C8(C3+C4) 

(0OT8IaGO)C2 

OxcC£3,5,6,7,8) 

OxcC4 

(ClOCip Cll 

(01020l04)Ql 

A(21-23)AnrAr3 

X( " ) 

A(0-20)Ar3 

X( " ) " 
B(21-23)BnrAr3 
¥( " ) 
B(0-20)Ar3i 
^( " ) " 
05Bc23 

F1G0) Q2 

FlGO(023*0306))(Pi: 

)(pi: 
)(pi: 



;P13P14Ia )) 
;pl3P14Ia)) 
;P14Ia)) 






[Pl4la)) 

:a) 



ia) 



;P12P13P14)Q2F1 

- P(0-ll)Pr3 
«T( " ) " 

- T4(End+F"IF2)Inr 

« Sc 

« T3Int (End+JuEa x)GQfr; 

» (FlGO(^540506))CP13^O r 14Ia))Sxp 

- ( " )(Pl4©Ca)Sxp 

a P(0-ll)Sxp 

* EndG0T8m(Tr+Tp) 

= M(0-23)Cxm 

-F( " ) " 

« Tr Fl_ 

- Tr(FlF3)(55Ht) 

- Tr 

- 05OlO&AOOTrSks 

■ TpEndSk 

- TpSk 

- TpEn dSk 

« Tp?l(5dHt) 

■ Tp 

- TpEndSk 

m OC 
a Oc 
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05 next (T7) 

initiate P register increment 
Q(3-8) -> instruction to register 
Break Point 2 



Recirculate A 

Recirculate B 
last cycle 

P+l -*P 



Clear S 



M 



Skip if Sks 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -»0 



SKS 20 



07 T8 


rC24 
Ck 


- T8(TsTsr) 

- 07T8YS 










JSnd 


- P1F2 




Last Cycle 






sla 


- T807SlO*r) 




Initiate P register 


increment 


T7 


Ar3 

sA(0-2) 


« (01026304)Q1 
- A(21-23)XnrAr3 










rA( •• ) 


-*( " ) 




Recirculate A 


T7 thru TO 




sA(3-23) 


« A(0-20)Ar3 










rA( •■ ) 


«*( " ) M 










sB (0-2) 


- B(21-23)BnrAr3 










rB( " ) 


«1( •• ) 




Recirculate B 


T7 thru TO 




sB(3-23) 


- B(0-20)Ar3 










rB( •' ) 


-¥( " ) •■ 










Cr3 


- 0755 (TsQl) 










sC(3-23) 


- C(0-20)Cr3 




->C 






rC< " ) 


« TT( " ) •• 










Pr3 
sPO 


- (F1G0)Q2 


>))(P129(P13P14Ia)) 






- ((FlGO)(33d3550< 






rPO 


m ( " 


)( 


1 






sPl 
rPl 




)(P13©(P14Ia)) 
)( " ) 


P+l -»P 


T7 thru T3 




sP2 


■» ( 


)(Pl^a) 








rP2 
rla 


«■ r " 


)( " ) 








- (Pl2pl3Pl4)Q2Fl 






sP(3-14) 


m P(0-ll)Pr3 










rP( " ) 


m f{ » ) » 








T4 


Sc 


» T4Endfnr 










rS(l-U) 


- Sc 




Clear S 




T3 


Sxp 

sSl 


- T3l5tBadG0 


(Pl3®(P14Ia))Sxp 








« (FlGO(0204o506)) 






sS2 


= ( " )(Pl4©[a)Sxp 


P -*S 






sS(3-14) 


« P(0~ll)Sxp 








TO 


rSk 


- 07TO 




Reset skip 




Tr 


Cxm 


- EndGOTsm(Tr-fTp) 










sC(0-23) 


= M(0-23)Cxm 




M ~»C 






rC( M ) 


-H( " > " 










rla 

rlx 


■ TrFl 

- Tr(FlF3)(C0Ht) 










rRc 


■» Tr 


• 






Tp 


sCp 


= M24CxralltTsTp 




Initiate parity 






rF(l-3) 
rRf 


• TpBad|| r 
« TpffUfi&Ht) 




00 next clock (T8> 






rJu 


- Tp 










Oc 


■ TpEndSE 










xO(l,3,4,5,6) 


« Oc 




HOP -+0 






802 


■ Oc 
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SKS 21 



40 



SKS 20400 



Skip if Break Point 1 not set 



BP1 set « P+l -»P 1 Cycle 
BP1 reset ■ P+2 -» P 2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA(«" ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxra 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 , 

rF3 ' 

rRf * 

rJu 

Oc 

rO(l.,3,4,5,6) 

302 



- T8(Tsfsr) 
« 0OT8 

- (0OT8IaC2C5C8(C3+C4)) 

- ( " ) 
«T8 

- 0OT8laC2C5C8(C3+C4) 

- (0OT8laGO)C2 

- OxcCp,5,6,7,8) 

" 0xcC ^ 

- (ftoqii)ci; 

« (01020304) Ql 

- A(21-23)AnrAr3 

- X( " ) ' " 
» A(0-20)Ar3 
-X( " ) " 

« B(21-23)BnrAr3 

- ¥( " ) 

- B(0-20)Ar3 
-"B~(_»_) •• 

« j?5Bc23 

F1G0)Q2^__ 

F1G0 (55855506) ) ( P12®(P13P14Ia ) ) 
)(Plft(Pl3PUla)) 
)( P13®(P14Ia )) 
)(Pl3©(P14la)) 

" xrafii) 

P12P13PU)Q2F1 

- P(0-ll)Pr3 
-T< " ) " 

* T4(End+Flf r 2)Inr 

- T3Int ( End-KFuEa x)GC4-T3^raj 

» (FlG0(G r 207h0506))(Pl3S(Pl4Ia))Sxp 

- ( " )(Pl43la)Sxp 
= P(0-ll)Sxp 

« EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
«"ff( " ) " 
« Tr Fl_ 

- Tr(FlF3)(G"5Ht) 

■ Tr 

- 05OlO4AOOTrSks 

* TpEnd§k 
" TpSk __ 

- TpEn dSk 

- Tp71(S5Ht) 

■ Tp 

» TpEniiSk 
« Oc 

«= Oc 
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05 next (T7) 

initiate P register increment 
C(3-8) — > instruction to register 
Break Point 1 



Recirculate A 

Recirculate B 
last cycle 

P+l ~>P 



Clear S 



P -*S 



M 



Skip if Sks 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr + Tp 



00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) 



SKS 22 



07 



T8 


rC24 


- T8(TsTsr) 


- 




Ck 


- 07T8Ts 






Eryd 


- F1F2 


Last Cycle 




s la 


• T807SKTBtfr) 


Initiate P registe 


T7 


Ar3 


- (0102Cf9o3)Ql 






sA(0-2) 


- A(21-23)AnrAr3 






rA( » ) 
sA(3-23) 


» A(0-20)Ar3 


Recirculate A 




rA( " ) 


-7C( " ) " 


' 




sB (0-2) 


« B(21-23)BnrAr3 






rB( •• ) 


-TK M ) " 


Recirculate B 




sB (3-23) 


- B(0-20)Ar3 






rB( " ) 


-¥( " ) " 






Cr3 


- 0755 (YiQl) 






sC(3-23) 


- C(0-20)Cr3 


0-4C 




rC( •• ) 


m XT( " ) " 


i 




Pr3 


« (F1G0)Q2 






sPO 


- ( (P1G0) (03530506) ) (P12®(P13Pl4la) ) 




rPO 


. ( « )( 


) 




sPl 
rPl 


- ( " )(P13©(Pl4Ia» 

- ( " )( " ) 


P+l -»P 




sP2 


- ( ,f )(P14©U) 






rP2 
rla 


-. ( " )( " ) 






- (p12p13p14)Q2F1 






sP(3-14) 


- P(0-ll)Pr3 






rP( » ) 


n T*( " ) » 




T4 


Sc 


- T4EndInr 


. 




rS(l-14) 


■ Sc 


Clear S 


T3 


Sxp 

sSl 


» T3lntEndG0 






« (FlGO(0^0Ziffio6))(P13®(Pl4Ia))Sxp 






sS2 


» ( " )(Pl^£La)Sxp 


P ~»S 




sS(3-14) 


= P(0-ll)Sxp 




TO 


rSk 


- 07TO 


Reset skip 


Tr 


Cxra 


■ EndGOTsm(Tr+Tp) 






sC(0-23) 


» M(0-23)Cxm 


M -»C 




rC( •• ) 


-E( " ) •■ 






rla 


- TrFJ^ ^ 






rlx 


- Tr(FlF3)(G0Ht) 






rRc 


? Tr 




Tp 


sCp 


« M24CxmHtTsTp 


Initiate parity 




rf(i-3) 
rEf 


• TpEndgfe 
- TptTI(GOHt) 


00 next clock (T8) 




rJu 


« Tp 






Oc 


» TpEndsTc 






*aa,M,5,6) 


m OC 


NOP -* 




s02 


« Oc 





T7 thru TO 



T7 thru TO 



T7 thru T3 



83 



SKS 23 



40 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



SKS 21000 


Skip if W Buffer 


Ready 


Not Ready » P + 1 -> P 1 Cycle 
Ready > P + 2 -* P 2 Cycles 




rC24 


« T8(TsTsr) 




rCz 


= 0OT8 








sFl 


= (0OT8laC2C5CS(C3+cZ)) 






sF3 


= ( 


) 


05 next. (T7) 




sHz 


= T8 








sla 


= 0OT8laC2C5C8(c3+cZo 


Initiate P register increment 




Oxc 


= (0OT8TaGO)C2 




- 




sO(l,3,4,5,6) 


= 0x00(3,5,6,7,8) 




C(3-8) -> instruction to regis 


t e 


r02 


= 0xc£5 








Skr 


= C10CTiC14WiT)WllW12W13W14Cl 






Sks 


= Skrz 




Buffer ready (disconnected) 




Ar3 


~ (0 1026304) Ql 








sA(0-2) 


= A(21-23)AnrAr3 








rA( " ) 


= T( " ) 








sA(3-23) 


= AG0-20)Ar3 




Recirculate A T7 thru 


TO 


rA( " ) 


« A( " ) M 








sB(0-2) 


= B(21-23)BnrAr3 








rB( " ) 


= T( " ) 








sB(3-23) 


= B(0-20)Ar3 




Recirculate B T7 thru 


TO 


rB( " ) 


= *B( " ) " 








End 


= 05BT75 




Last cycle 




Pr3. 
sPO 


= (FIGO52 

« (FlGO(02*6"Z0506))(Pl2®(P13P14Ia)) 






rPO 


= ( " 


)(pl2&Pl3*Ula")) 






sPl 


_ / ri 


)(Pl3©(P14Ia)) 






rPl 


= ( " 


)(Pl3©CPUTa)) 


P-fl ---> P T7 thru 


T3 


sP2 


=s ( " 


)(P14©U) 






rP2 


- ( 


KPl^a) 






rla 


= (P12P13P14)Q2F1 








sP(3-14) 


= P(0-ll)Pr3 








rP( " ) 


= T( " ) " 








Sc 


= T4(End+FlF2")TnT 








rS(l-14) 


= Sc 




Clear S 




Sxp 


= T3Int(End-t-JuEax)GO-l-T3fem8 






sSl 


- (FlG0(0T0T0306))(P13®O f 14Ia))Sxp 






sS2 


- ( 


)(Pl4©[a)Sxp 


P -> S . i 




sS(3-14) 


= P(0-ll)Sxp 








Cxm 


= EndG0Tsm(Tr+Tp) 








sC(0-23) 


= M(0-23)Cxra 




M -> C Tr + Tp 




rC( " ) 


= TT( " ) " 








rla 


= TrFl 








rlx 


= Tr(FlF3)(fl&Ht.) 








rRc 


= Tr 








sSk 


= 05OlffWOTrSks 




Skip if Sks 




rFl 


= TpEndSTc 








sF2 


= TpSk 




00 next clock (T8) if Sk not set 




rF3 


= TpEndST 




07 next clock (T8) if Sk set 




rRf 


= Tp(JT(SBHt) 








rJu 


= Tp 








Oc 


= TpEndSlc 








^0(1, 3, 4, 5, 6) 


=-- Oc 




NOP (20) ->0 




s02 


■ Oc 


84 







SKS24 



T8 


rC24 
Ck 


= T8(TsTs*r) 
= 07T8T? 








End 


= F1F2 




Last cycle 




sla 


- T807Skd^jQ 




Initiate P registe 


T7 


Ar3 
sA(0-2) 

rA( " ) 


=-- (0 1020^04) Ql 
= A(21-23)AlrrAr3 
- I( " ) 








sA(3-23) 


* A(0-20)Ar3 




Recirculate A 




rA( " ) 


- T( " ) " 








sB(0-2) 


= B(21-23)BrirAr3 








rB( " ) 


« B"( " ) 








sB(3-23) 


«= B(0-20)Ar3 




Recirculate B 




rB( " ) 


- T( " ) M 








Cr3 


= 07O3(FsQl) 








sC(3-23) 


= C(0-20)Cr3 




~> C 




rC( " ) 


= C~( " ) " 








Pr3 


.« (F1G0)Q2 








sPO 


= ((F1G0) (0"2"0"W506) )(Pl2®(P13P14Ia 


)) 




rPO 


» ( 


)(Pl^Pl3Pl4Ia 


)) 




sPl 


= ( 


)(P13©CP14Ia)) 






rPl 


» ( 


)(Pl39(Pl41a)) 


P+l -» P 




sP2 


- ( 


)(P14£la) 






rP2 


- ( 


)(Pl4±£a) 






rla 


- (Pl2Pl3Pl4)Q2Fl 








sP(3-14) 


=> P(0-ll)Pr3 








rP( " ) 


_ "pz m \ ii 






T4 


Sc 


= T4EndTnr 








rS(l-14) 


= Sc 




Clear S 


T3 


Sxp 
sSl 


= T3TntEndG0 


)(P139(P14Ia))Sxp 






- (FlGO(0"20"2iO"5O6): 






sS2 


- ( " : 


)(P14©[a)Sxp 


P -> S 




sS(3-14) 


= P(0-ll)Sxp 






TO 


rSk 


« 07TO 




Reset skip 


Tr 


Cxm 


= EndGOTsm(Tr+Tp) 








sC(0-23) 


» M(0-23)Cxm 




M -» C 




rC( " ) 


= Mt " ) " 








rla 


= TrFl 








rlx 


= Tr(FlF3)(G0HL) 








rRc 


= Tr 






Tp 


sCp 
rF(l-3) 


= M24CxmHtTsTp 
- ToEndSk" 




Initiate parity 




rRf 


« Tp^I(GOHt) 




00 next clock (T8) 




rJu 


« Tp 








Oc 


« TpEndSlc 








rO(l,3,4,5,6) 


= Oc 




NOP ->0 




s02 


= Oc 







T7 thru TO 



T7 thru TO 



T7 thru T3 



85 



SKS 25 



40 



SKS 22000 



Skip if Y Buffer Ready 



Not Ready » P + 1 -> P 1 Cycle 
Ready - P + 2 -> P 2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

Skr 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( M ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rju 

Oc 

rO(l, 3,4,5,6) 

s02 



T8(TsTsr) 

0OT8 

(0OT8laC2C5cB(Cl-fC5) ) 

) 

T8 

0OT8laC2C5CS(C34C^) 

(0OT8IaGO)C2 

0xcC(3,5,6,7,8) 

0xcC"5 

C 1 CTI C 1 3YT0YT1YT2Y13Y14C1 

S krz 

(0102CJ304)Q1 
A(21-23)AnrAr3 
X( " ) 
A(.0-20)Ar3 
Af " ) " 
B(21-23)BnrAr3 
B( " ) " 
B(0-20)Ar3 
"B( " ) " 
05B"c73" 

FIGO) ^ 

FlG0C020^0506))(Pl2©(P13P14la)) 
)(Pl2©'.Pl3P14la)) 
)(Pl39(P14la)) 
) (Pl^PUIa) ) 
)(Pl4£Ia) 
= ( ) (Pl4^a) 

= CP12P13P14)Q2F1 
= P(0-ll)Pr3 
= T( " ) " 

- T4(End+FlF2)Tnr 
= Sc ^ 

= T3Int ( End-hJuEax ) G0-H3Krnd 

= (F1G0(0T6^0306) ) CPl3©CPl4Ia) )Sxp 

» ( " )(Pl^Ta)Sxp 

= P(0-ll)Sxp 

= EndGOTsm(Tr+Tp) 

= M(0-23)Cxm 

» TT( " ) " 

= TrF l 

= Tr(ITF3)(25HF) 

= Tr 

= 05OlO~4£TOTrSks 

» TpEndSlc 

= TpSk 

= TpEnd|K 

= Tp&nrc&THt) 

- Tp 

= TpEndSE 

» Oc 

- Oc 86 



05 next. (T7) 

InitiaLe P register increment 

C(3-8) — > instruction to register 

Buffer ready Cdisconnected) 



Recirculate A 

Recirculate B 
Last cycle 

P+l ~> P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



P -> S 



M ~> C 



4- Tp 



Skip if Sks 

00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -»0 



SKS 26 



07 



T8 


rC24 
Ck 


= T8(TsTsr) 
= 07T8T? 










End 


= F1F2 




Last cycle 






sla 


- T807Sk(STiKr) 




Initiate P register 


increment 


T7 


Ar3 

sA(0-2) 
rA( " ) 


= (0102<5l04)Ql 
= A(21-23)£nrAr3 
" A( " ) 










sA(3-23) 


» A(0-20)Ar3 




Recirculate A 


T7 thrw TO 




rA( " ) 


= X( " ) " 










sB(0-2) 


= B(21-23)BnrAr3 










rB( " ) 


* TT( n ) 










sB(3-23) 


« B(0-20)Ar3 




Recirculate B 


T7 thru TO 




rB( " ) 


= ¥"(")" 










Cr3 


= 07O3(TsQl) 










sC(3-23) 


» C(0-20)Cr3 




~» C 






rC( " ) 


= C"( " ) " 










Pr3 

sPO 


« (F1G0)Q2 


6))(P12©(P13P14Ia)) 






- ((figo)(o~2OT75o 






rPO 


« ( 


)(Pl&XPl3Pl4la)) 






sPl 


- ( 


)(P13©(P14Ia)) 








rPl 


'-' ( 


) (P13aXP14Ti) ) 


P+l -¥ P 


T7 thru T3 




sP2 


/ II 


)(P14$Ia) 








rP2 


- ( 


XPlAtfa) 








rla 


= (Pl2Pl3Pl4)Q2Fl 










sP(3-14) 


* P(0-ll)Pr3 










rP( " ) 


= 7( " ) " 








T4 


Sc 


» T4EndTnr 










rS(l-14) 


= Sc 




Clear S 




T3 


Sxp 


= T3Tnt.EndGO 










sSl 


« (FlGO(C r 20^C r 5O6))(P139(P14Ia))Sxp 








sS2 


- ( 


)(Pl4©ta)Sxp 


P -4 S 






sS(3-14) 


= P(0-ll)Sxp 








TO 


rSk 


» 07TO 




Reset skip 




Tr 


Cxm 


» EndGOTsm(Tr+Tp) 










sC(0-23) 


=« M(0-23)Cxm 




M -► C 






rC( " ) 


= TT( " ) " 




• 






rla 


= TrFl 










rlx 


= Tr(flF3)(GOHt) 










rRc 


= Tr 








Tp 


sCp 
rF(l-3) 


= M24CxmHtTsTp 
- TpEndSlc 




Initiate parity 






rRf 


- Tp01(GOHt) 




00 next clock (T8) 






rJu 


- Tp 










Oc 


« TpEndSlc 










rO(l,3,4,5,6) 


= Oc 




NOP ~» 






s0 2 


= Oc 
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SKS 27 



40 



SKS 24000 



Power Off Test 



Power Off ■ P + 1 ~>P 1 Cycle 
Power Not Off ■ P+2 -» P 2 Cycles 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23)' 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rJu 

Oc 

rO(l, 3, 4,5, 6) 

s02 



» T8(Tst"sr) 

= 0OT8 

■ (0OT8IaC2C5CS(Cl+C3)) 

- ( " ) 
* T8 

« 0OT8laC2C5cB(Cl4-cZ) 
= (0OT8TaGO)Cl 
= OxcC(3,5,6,7,8) 
= OxcCS 

= (01020l04)Ql 
= A(21-23)XnrAr3 
= X( " ) " 
= A(£-20)Ar3 

- A( " ) ^ 

« B(21-23)BnrAr3 
= B*( " ) 
= B(0-20)Ar3 
= ¥( " ) " 
= 05Fc*73 

= (F1G0) Q2 

(F1G0(6T6Z0506) ) (P120(P13P14Ia) ) 



)(P130(P14la)) 
)(Pl3£<pl4la)) 
)( P14$Ia) 
)<JTWS) 



= ( 
= ( 
= ( 

- ( 

- ( 

= (P12P13P14)Q2F1 
= P(0-ll)Pr3 

- T( " ) " 
= T4(End+FlF2*)Tnr 
= Sc 

- T3 1 n t ( gnd-hJuEax ) G0+T3( 
= (FlG0(0S^506))(P139(l r 14Ia))Sxp 
= ( " )(P14©Ea)Sxp 

= P(0-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
« 3F( " ) " 

= TrFl ' 

= Tr(FTF3)(G0Ht) 
« Tr 

- 05Olff4AODTrSks 
= TpEndSTc 

« TpSk 
= TpEnd STc 

- tp^TcSShT) 

- Tp 

« TpEndSTc 
= Oc 

- Oc 88 



05 next. (17) 

Initiate P register increment 

C(3-8) -> instruction to register 



Recirculate A 

Recirculate B 
Last cycle 

P-f 1 -> P 



Clear S 



M 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr f Tp 



Skip if Sks 

00, next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) ->0 



SKS 28 



07 



T8 


rC24 


= T8(TsTSr) 




Ck 


= 07T8Ts" 




End 


= F1F2 




sla 


« T807SkfSr) 
= (01020304)Q1 


T7 


Ar3 




sA(0-2) 


= A(21-23)i£nrAr3 




rA( " ) 


= A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


= X( " ) " 




sB(0-2) 


= B(21-23)BTTrAr3 




rB( " ) 


= F( " ) 




sB(3-23) 


•= B(0-20)Ar3 




rB( " ) 


»T( " ) " 




Cr3 


= 07O~5(TsQl) 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


= C~( " ) " 




Pr3 
sPO 


« (F1G0)Q2 




=> ((FlGO)(O^0T»O^O6))(Pl2©(P13P14Ia)) 




rPO 


~ ( " )(Pl££(Pl3pl4la)) 




sPl 


= ( " )(P13S(P14Ia)) 




rPl 


« ( " ) (P135fcXP14Ta) ) 




sP2 


= ( " )(P143[[a) 




rP2 
rla 


- ( " )(P14ttlta) 




= (Pl2Pl3Pl4)Q2Fl 




sP(3-14) 


« P(0-ll)Pr3 




rP( " ) 


-T( " ) " 


T4 


Sc 


= T4EndTnr 




rS(l-14)- 


= Sc 


T3 


Sxp 
sSl 


= T3TntEndG0 




- (FlGO(0l6*4^5O6))(P139(P14la))Sxp 




sS2 


- ( " )(P14£)La)Sxp 




sS(3-14) 


= P(0-ll)Sxp 


TO 


rSk 


= 07TO 


Tr 


Cxm 


= EndGOTsm(TrfTp) 




sC(0-23) 


=« M(0-23)Cxm 




rC( " ) 


= TR " ) " 




rla 


= TrFl 




rlx 


= Tr(FlF3)(GOHt) 




rRc 


« Tr 


Tp 


sCp 


= M24CxmfTtTsTp 




rF(l-3) 


- TpEndSk" 




rRf 


- Tp?H(GOHt) 




rJu 


■« Tp 




Oc 


« TpEndSlc 




rO(l,3,4,5,6) 


= Oc 




s02 


= Oc 



Last cycle 

Initiate P register increment 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



P4-1 



T7 thru T3 



Clear S 

P -> S 

Reset skip 
M -> C 



Initiate parity 
00 next clock (T8) 

NOP ■-■» 
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SKS 29 



40 SKS 40001 



Skip if Not Bank Register 2 



Bank Register 2 = P+l ->pl Cycle 
Not Bank Register 2 ■ 2 Cycles 
P + 2 -»P 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rAC •• ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( »' ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rju 

Oc 

rO(l,3,4,5,6) 
s02 



= T8(TsTsr) 

= 0OT8 

= (0OT8IaC2C5C5(C3+C5)) 

= ( " ) 

= T8 

= 0OT8IaC2C5C8(Cl+cZ) 

= (0OT8TaGO)C2 

= OxcC(3,5,6,7,8) 

= Oxc£5 _________ 

= cT0 cTlC9C 23 (E2mOE2mlE2mh 
= (010203"04)Q1 

- A(21-23)AnrAr3 
= X( M ) 

- A(*0-20)Ar3 

- A( " ) " 

= B(21-23)BnrAr3 
= T( " ) " 
= B(0-20)Ar3 
= ¥( " ) " 

- 05B~T3 

;figo)Q2 



= v 



FlGO(0204O5O6))(Pl2©(P13Pl4Ia)) 
)(Pl2©:Pl3P14Ia)) 
)(P13±XP14Ia)) 
)<Pl_&PUIa)) 
)(Pl^Ia) 

^_ )(PWJa) 

- (P12P13P14)Q2F1 
= P(0-ll)Pr3 

= T( " ) " 

- T4(End+FlF2")Tnr 
=* Sc 

- T3Int ( End-f-JuBax ) GO+T3' 



- (F1G0(6T(5W>306) ) (P13©(P14la) )Sxp 
= ( M )(P14©Ea)Sxp 

- P(0-ll)Sxp 

- EndGOTsm(Tr+Tp) 
= M(0-23)Cxra 

= TT( " ) " 
= TrFl 

- Tr(ITF3)(GCHL) 

- Tr 

= 05Ol<74A~)TrSks 

= TpEndSli 

= TpSk 

= TpEndglc 

- Tp0T(So*Ht) 
= Tp 

= TpEndSlc 
= Oc 

- Oc 90 



05 next. (17) 

Initiate P register increment 

C(3-8) -» instruction to register 

Not Bank Register 2 



Recirculate A 



Recirculate B 



La s t cycle 



P+l 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



P ~* S 



M -> C 



Tr + Tp 



Skip if Sks 

00 next clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) ->0 



SKS 30 



07 T8 rC24 

Ck 

End 

sla 
T7 Ar3 

sAC0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(3-23) 

rC( " ) 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
TO rSk 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp sCp 

rF(l-3) 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



= T8(TsTsT) 
= 07T8TT 
= F1F2 

- T 807Sk^Jkr ) 

- (0102(^304) Ql 
= A(21-23)A"HrAr3 

= K " ) 
» A(0-20)Ar3 

- X( ■" ) " 
= B(21-23)EnrAr3 
«= B( " ) 

- B(0-20)Ar3 
= T< " ) " 
= 0753(T"sQl) 
= C(0-20)Cr3 
= Z{ " ) " 

;figo)Q2 

(F1G0) ((Fl&ttOb) ) ( P12ffiP13P 14Ia) ) 
)(P120(P13PT5 , TI)) 
)( PL3©(P14 Ia)) 
)(P13©(P14Ta)) 
) (Pl4£la) 



Last cycle 

Initiate P register increment 



Recirculate A 



Recirculate B 



-> C 



T7 thru TO 



T7 thru TO 



P+l -» P 



T7 thru T3 



P12P13P14)Q2F1 
= P(0-ll)Pr3 

- PC " ) " 
=» T4EndTnr 
= Sc 

- T3TntE ndG0 

« (F1G0 (020^550 b) ) (P13©(Pl4Ia) )Sxp 

- ( " )(P14£&a)Sxp 
= P(0-ll)Sxp 

= 07TO 

« EndGOTsm(Tr+Tp) 

= M(0~23)Cxm 

= 11 " ) " 

= TrFl 

= Tr(FlF3)(G0Ht) 

= Tr 

= M24CxmHtTsTp 
= TpEnd|| 

- Tp^l(GOHt) 
» Tp 

r- TpEndST 
= Oc 
« Oc 



Clear S 

P -* S 

Reset skip 
M ■-> C 



Initiate parity 
00 next, clock (T8) 

NOP -*0 



91 



SKS 31 



40 SKS 40002 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

80(1,3,4,5,6) 

r02 

Sks 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 

sSk 
Tp rFl 

sF2 

rF3 

rRf 

rju 

Oc 

' rO(l, 3, 4,5, 6) 
s02 



Skip if Not Bank Register 3 



- T8(TsTsr) 

= 0OT8 

= (0OT8laC2C.5C5(C3-i-c5)) 

= ( " ) 

= T8 

= 0OT8laC2C5C&(c3-K&) 

= (0OT8IaGO)Cl 

= OxcC(3,5,6,7,8) 

= 0xcC"5 _____ 



= ClOClIC9C22(E3mOE3mlE3m2) 
~ (01020504)Q1 
= A(21-23)AnrAr3 
=T( » ) " 
= A_0O-2O)Ar3 

- A( " ) ]_|__ 

= B(21-23)BnrAr3 
= ¥( " ) 
= B(0-20)Ar3 
= *B( " ) " 
= 05BT21 

= (FIGO. OJ? 

= (F1GO (020^0506) ) ( Pl2®(P13P14la ) ) 

= ( " )(Pl30(P14Ia)) 

= ( " )(Pl3©(*14Ia)) 

= ( " )(P14£la) 

= ( )(Pl45Ja) 

» (P12P13P14)Q2F1 

= P(0-ll)Pr3 

= T( " ) " 

= T4(End+FlF2)Tnr 

« T3InT(End+Ju|ax)GO-fT3@ 

= (FlGO((ra5OT06))(P13©CPi4Ia))Sxp 

= ( " )(Pl^_Ka)Sxp 

= P(0-ll)Sxp 

= EndGOTsrn(Tr-fTp) 

= M(0-23)Cxra 

= TF( " ) M 

= TrFl 

= Tr(FTF3)(So r HT) 

= Tr 

* 05OlO*A"DT)TrSks 

=» TpEndST. 

» TpSk 

= TpEndSlc 

- Tp0T(„.Ht) 
= Tp 

= TpEndSlc 
= Oc 

- Oc 92 



Bank Register 2 = P+1-. P 1 Cycle 
Not Bank Retgister 2 » 2 Cycles 

P + 2 -> P 



05 next. (T7) 

Initiate P register increment 

C(3-8) -> instruction to register 

Not Bank Register 3 



Recirculate A 



Recirculate B 



Last cycle 



Pf-1 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



P -> S 



M --> C 



Tr + Tp 



Skip if Sks 

00 next, clock (T8) if Sk not set 
07 next clock (T8) if Sk set 



NOP (20) -*0 



SKS 32 



07 



T8 


rC24 


= T8(TsTs~r) 




Ck 


= 07T8Ts* 




End 


= F1F2 




sla 


- T807SkfiQ 


T7 


Ar3 


« (0102<5304)Q1 




sA(0-2) 


= A(21-23)ATrEAr3 




rA( " ) 


= I( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


= B(21-23)EnrAr3 




rB( " ) 


= "B~( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


* T( " ) M 




Cr3 


- 07O3(fsQl) 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


= C"( " . ) " 




Pr3 

sPO 


« (F1G0)Q2 




« ((FiGO)(CT50W5o6))rpia©(pi3Pi4ia)) 




rPO 


- ( " )('pl®(Pl3PlAIa)) 




sPl 


= ( " )(P13©(P14Ia)) 




rPl 


- ( " )(P13©CP14Ti)) 




sP2 


- ( " )(P14©Ia) 




rP2 


- ( " XPlA^Ea) 




rla 


= (Pl2Pl3Pl4)Q2Fl 




sP(3-14) 


= P(0-ll)Pr3 




rP( " ) 


--= ¥( " ) " 


T4 


Sc 


= T4EndTnr 




rS(L-14) 


= Sc 


T3 


Sxp 


» T3Tnt:EndGO 




sSl 


« (FLGO(020T^5O6))(Pl3©(Pl4Ia))Sxp 




sS2 


- ( " )(P149la)Sxp 




sS(3-14) 


= P(0-ll)Sxp 


TO 


rSk 


« 07TO 


Tr 


Cxm 


- EndGOTsm(Tr4Tp) 




sC(0-23) 


=> M(0-23)Cxm 




rC( " ) 


« F( " ) " 




rla 


a TrFl 




rlx 


« Tr(flF3)(GOHL) 




rRc 


= Tr 


Tp 


sCp 


= M24CxmHtTsTp 




rF(l-3) 


= Tp End Sic 




rRf 


^ Tpfrl(GOHt) 




rJu 


- Tp 




Oc 


= TpEndSTc 




rO(l,3,4,5,6) 


- Oc 




s02 


■ Oc 



La s t cycle 

Initiate P register increment 



Recirculate A 



Recirculate B 



~> C 



T7 thru TO 



T7 thru TO 



P+l --> P 



T7 thru T3 



Clear S 

P -^ S 

Reset skip 
M -> C 



Initiate parity 
00 next clock (T8) 

NOP ~>0 



93 



BRX 1 



41 



BRX 



Increment Index and Branch 



(X+l -»X) If X(9)«l 

M -> P branch 1 Cycle 

(X+l ->X) If X(9)«0 

P+l -» P 2 Cycles 



00 T8 



T7 



X4 



T3 



rCz 


- 0OT8 








sHz 


- T8 








six 


■ C1GO0OT8 


Initialize indexing 






sJu 


» IaGOC&C5C8C9T8 








Hx(l-3) 


- Xn(l-3>Fl 


Half adder inputs 
Half adder outputs 






Hal 


- Hxl(Hx2Hx3Hz)+Hxl(Hx2Hx3Hz) 




Ha2 


- Hx2(Hx3Hz)+Hx2(Hx3Hz) 




Ha3 


= Hx3Ez+Hx3Hz 








Ar3 


« O50OQ1 








sA(0-2) 


» A(21-23)5nrAr3 








rA( " ) 
sA(3-23) 


- A( » ) » 

- A(0~20)Ar3 


Recirculate A 


T7 


thru TO 


rA( » ) 


-T( " ) " 








sB(0-2) 


» B( 21-23) BnrAr3 








rB( " ) 
sB(3-23) 


- B( " ) 
■ B(0-20)Ar3 


Recirculate B 


T7 


thru TO 


rB( " ) 


«"B( " ) " 








Cr3 


- Ts0OQl 








sCO 


- (P12)JuTsCr3CjF 








rCO 
sC(l,2) 


- C"1 

- P(13,14)JuTsCr3Q2 


P(l-14) -»C(10-23) 


T7 


thru i 


rC( " ) 


-T( " ) 








sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


- C( " ) " 








sCp 


» (C210C223C23)CpTsHtQlFlF2 


Parity check 


T7 


thru TO 


rCp 


- ( " )Cp 








rHz 


- (Hxl+Hx2+Hx3)f8 








Pr3 


= JuQ2 








sP(0-2) 


« Add(l-3)02040506Pr3 








rP( " ) 


- Add( " ) " 








sP(3-14) 


- P(0-ll)Pr3 


C + X» Ix -> P 


T7 


thru T3 


rP( " ) 


- P( » ) » 








Xnr 


- Ju0105 








sXw(l-3) 


= Ha(l~3)TsJu0105 








rXw( " ) 


- Sa( " ) 


X + 1 -» X 






Xz(l-3) 


- Xn(l-3)0OIx 








1^( » ) 


- Xn( " )0OIx+Ix 


Adder input (X'lx) 


T7 


thru TO 


Yz(l-3) 


- C(21-23)^7 








Yz( " ) 


= C"( » ) » ■ 


Adder input (C) 


T7 


thru TO 


sCz 


= KzQITO 








rCz 


- KzQl 


Carry logic 


T7 


thru Tl 


Sc 


■ InrflF2T4 








rS(l-14) 


» Sc 


Clear S 






rCO 


- JufsCr3Q4Q6 


No input to C3, C6, C9 


T3 


thru Tl 
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T2 



Tl 



TO 



Tr 



Tp 



Sxp 


- Int'luEaxGOT3 


sS(l,2) 


m Add(2,3)(JuEax+0~2o4o306)Sxp 


sS(3-14) 


-P(0-ll)Sxp 


rOl 


» XwlJuO~5T2 


rC(l,2) 


« (JuTs"Cr3)T2 


sC(l,2) 


» Em(l,2)(JuTsCr3)Tl 


rC( " ) 


» Em( " )( " ) " 


End 


« JuEaxOl 


rCz 


- flTO 


sCO 


- Of(JuTsCr3T0) 


rCO 


- 5?( " ) 


rC(l,2) 


« JufsCr3T0 


Cxrn 


» EndGOTsm(Tr+Tp) 


sC(0-23) 


* M(0-23)Cxm 


rc( » ) 


** CxmTr 


sCz 


- 6^050 60OTr 


sHt 


- CpT^EOflS 


rlx 


- (FlF3)(G6Ht)Tr 


rRc 


m Tr 


rAOO 


« EndGOTp 


rBOO 


- ( " ) 


sCp 


- M24CxmHtTsTp 


sFl 


■ o5laO10OTp 


sF2 


- C»2* " 


rJu 


■■ Tp 


Oc 


- (0103la+EndSk)Tp 


rO(l,3,4,5,6) 


- Oc 


s02 


* Oc 



P ~»s 

Reset 01 if (X9 ■ 1) 
No input to C7, C8 



Branch condition (X9 = 1) 



No input to CI, C2 

Branch condition (X9 ■ 1) 

M -» C (Fetch operand) Tr thru Tp 

Initiate C register increment 
Parity error 



Branch condition (X9 ■■ 
Initiate parity 

06 next if 01 (X9 = 0) 



1) 



NOP (20) -»0 if 01 (X9 » 1) 
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06 T8 



T7 



T4 



T3 



TO 



Tr 



Tp 



End 


- F1F3 






sla 


« FlF3<n^C8 
■ (010 20304) Ql 






Ar3 






sA(0-2) 


» A( 21-23) AnrAr3 






rA( " ) 


- X( " ) " 






sA(3-23) 


- A(0-20)Ar3 


Recirculate A 


T7 thru TO 


rA( " ) 


- I( " ) " 






sB(0-2) 


■ B (21-23) BnrAr3 






rB( " ) 


-B( " ) " 






sB(3~23) 


- B(0-20)Ar3 


Recirculate B 


T7 thru TO 


rB( »' ) 


- B( " ) " 






Cr3 


- TsFlFlQl 






sC(0-2) 


- Add(l-3)TsCr306 






rC( " ) 


- 533( " ) 






sC(3~23) 


- C(0-20)Cr3 


Recirculate C 


T7 thru TO 


rC( » ) 


- c"( " ) " 






Pr3 


- F1G0Q2 






sP(0-2) 
rP( » ) 


- Add(l~3)0~203o"506Pr3 

- Add( " ) " 


C + 1 -*P 


T7 thru T3 


sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 


-T( " ) " 






Xz(l-3) 


= Ix 






Yz(l-3) 


= C(21-23)W 






Yz( » ) 


■ C( " ) " 


Adder input (C) 


T7 thru TO 


sCz 


a KzFlQl 






rCz 


- KzQl 


Carry logic 


T7 thru Tl 


rla 


- (P12P13P14)Q2F1 






Sc 


« InrT4 






rS(l-14) 


- Sc 


Clear S 




Sxp 


- XntEndG0T3 






bS(1,2) 


- Add(2,3)O~2O"30"5O6Sxp 


C+l -» S (C contains 


original P) 


sS(3-14) 


- P(0-ll)Sxp 






rCz 


■ FlTO 






rCp 


- TsHtKDFl (£707iO"3 )#2T0 






Cxm 


■ EndGOTsm(Tr+Tp) 






sC(0-23) 


- M(0-23)Cxm 


M -» C (Fetch next instruction) 


rC( " ) 


■ CxmTr 




Tr thru Tp 


rRc 


a Tr 






rAOO 


a EndGOTp 






rBOO 


- ( " ) 






sCp 


■ M24CxmHtTsTp 


Initiate parity 




rFl 


■ EndSlcTp 


00 next clock (T8) 




rF2 


- ( " ) 






Oc 


- ( " ) 






rO(l,3,4,5,6) 


■ Oc 






s02 


- Oc 


NOP (20) -*0 
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BRM 



Mark Place and Branch 



P -> (M)9-23 Of -» (M) 2 Cycles 
M + 1 ->P 



00 T8 



T7 



T6 



T4 



T3 



T2 



Tl 



rC24 


» T8(TsTsr) 


rCz 


- 0OT8 


sHz 


■ T8 


six 


- C1GO0OT.8 


sJu 


» IaGOC^C5C8c5T8 


Oxc 


« XIGOC20OT8 


s0(l,3,4,5,6) 


« C(3,5,6,7,8)Oxc 


r02 


- C5bxc 


Ar3 


- (01020~304)Q1 


sA(0-2) 


- A(21~23)AnrAr3 


rA( " ) 


«T( " ) 


sA(3-23) 


- A(0-20)Ar3 


rA( " ) 


-T< " ) " 


sB(0-2) 


« B (21-23) BnrAr3 


rB( " ) 


-T( " ) " 


sB(3-23) 


« B(0-20)Ar3 


rB( " ) 


-TT( " ) " 


Cr3 


- Ts0OQl 


sCO 


- (P12)JuTsCr3Qo" 


rCO 


- (""") 


sC(l,2) 


« P(13,14)JuTsCr3Q2 


rC( " ) 


-T( " ) " 


sC(3-23) 


■ C(0-20)Cr3 


rC( M ) 


a C( " ) " 


sCp 


- (C2I^C229C23)CpfiHtQlFlF2 


rCp 


- ( " )Cp " 


Mxc 


« JuOlOSTsm 


Pr3 


- JuQ2 


sP(0-2) 


» Add(l-3)JuEaxPr3 


rP( " ) 


- AdH( " ) " 


sP(3-14) 


« P(0-ll)Pr3 


rP( " ) 


-7( " ) " 


Xz(l-3) 


« Xn(l-3)0OIx 


Xz( " ) 


- Xn( " )0OIx+Ix 


Yz(l-3) 


- C(21-23)$7 


Yz( » ) 


- "C~( " ) " 


sCz 


« KzQlfO" 


rCz 


- KzQl 


sC24 


« C2^(TsTsrC0$C]i9C2) (Q3+Q5) 


rC24 


- C24( » )( " ) 


Sc 


- InrFIF2T4 


rS(l-14) 


» Sc 


rCO 


■ JufsCr3Q4Q6 


rMX0-24) 


■ T3 


Sxp 


» IntJuEaxG0T3 


sS(l,2) 


■ Add(2^3)(JuEax+02<5£0506)Sxp 


sS(3-14) 


= P(0-ll)Sxp 


sC(0-2) 


» E2m(0~2)T2(Jufs")Cr3 


rC( " ) 


* E2m(. ,f )T2( " ) " 


sC(0~2) 


- E3m(0~2)T2(JuTs)Cr3 


rC( " ) 


» E3m"( " )T2( " ) " 
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Initialize parity generation 



Initiate indexing 



Instruction to register 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



PU-14) -»C(10-23) 



T7 thru T3 



T7 thru TO 



Parity check 

Initialize store into memory 

T7 thru Tp 

C + X-Ix -»P T7 thru T3 

Adder input (X*Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Generate parity T6 thru Tr 

Clear S 

No input to C3, C6, C9 T3 thru Tl 

P -»S P(C+X»Ix) 

Record bank register 2 into C(6-8) 

Record bank register 3 into C(3-5) 



BRM 2 



» FlTO __ 

- Of(JuTsCr3TO) n ^ , £ 
= (5T( " ) Set CO if overflow 

■ JuTsCr3TO No input to Cl, C2 

« CpTi@K0^2 Parity error 

- (fTF3)(B&Ht)Tr 
a Tr 

- O~3-TaO10OTp ., , , , „v 

- 02 " ^ 6 next cLock ( T8 ) 

« Tp 

- C(0-24)MxcTp C -»M 

The C register at Tp contains the following information: 

» State of the Overflow Flip-Flop 

- 

= Contents of Bank Register 3 

a* Contents of Bank Register 2 

- 
« Original contents of the P register 



TO 


rCz 




sCO 




rCO 




rC(l,2) 


Tr 


sHt 




rlx 




rRc 


Tp 


sFl 




sF2 




rJu 




sM(0-24) 




The C regist 




CO 




CI thru C2 




C3 thru C5 




C6 thru C8 




C9 




CIO thru C23 
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T8 


End 


- F1F2^^ 








sla 


a Flf3f«^C8 
• (010 20304) Ql 


Initiate P register 


increment 


T7 


Ar3 








sA(0-2) 


- A(21-23)AnrAr3 








rA( " ) 


= X( " ) " 








sA(3-23) 


- A(0~20)Ar3 


Recirculate A 


T7 thru TO 




rA( " ) 


«X( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 


= T( " ) " 








sB(3-23) 


- B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


-T( " ) " 








Cr3 


- FlFl(TsQl) 








sC(0~2) 


- Add(l-3)TiCr306 








rC( " ) 


- Add( " ) " 








sC(3-23) 


» C(0-20)Cr3 


Recirculate C 


T7 thru TO 




rC( " ) 


o"C( » ) » 








Pr3 


- F1G0Q2 








sPO 


- (FlGO(O^07»G3O6))(P12$P13P14Ia)Pr3 








rPO 


- ( " )( " ) " 








sPl 


- ( " )(Pl3SP14Ia)Pr3 








rPl 


88 ( " )( " ) " 


P+l -»P (P contains 


the original 




sP2 
rP2 
rla 


- ( " )(Pl4©ta)Pr3 
* ( " )( " ) " 


contents of 


the C register. 
T7 thru T3 




- (Pl2Pi3Pl4)Q2Fl 






sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


-T( " ) " 








Xz(l-3) 


- Ix 








Yz(l-3) 


a C(21-23)07 








Yz( " ) 


- C( " ) » 


Adder input (C) 


T7 thru TO 




sCz 


- KzQIFl 








rCz 


- KzQl 


Carry logic 


T7 thru TO 


T4 


Sc 


a InrT4 








rS(l~14) 


» Sc 


Clear S 




T3 


Sxp 
sSl 


a XntEndG0T3 








■« (FlG0(620T+0306))(P13^14la)Sxp 






sS2 


- ( " )(P14©La)Sxp 


P -+S 






sS(3-14) 


■ P(0-ll)Sxp 






TO 


rCp 


- TsHtKO(Fl{W3o3)02TO 






Tr 


Cxm 


« EndGOTsm(Tr+Tp) 








sC(0-23) 


a M(0-23)Cxm 


M -» C (Fetch next instruction) 




rC( " ) 


« CxmTr 




Tr thru Tp 




rRc 


m Tr 






Tp 


rAOO 
rBOO 


a EndGOTp 

- ( " ) 








sCp 


« M24CxngtTsTp 


Initiate parity 






rF(l,2) 


a EndglcTp 


00 next clock (T8) 






Oc 


- ( " ) 








10(1,3,4,5,6) 


» OC 








s02 


a OC 


NOP (20) -»0 
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00 T8 



05 T7 



T6 



T4 



T3 



Tr 



Tp 



CLX 00000,2 


Clear X 


rC24 


= T8(TsTsr) 


rCz 


a 0OT8 


sFl 


= (0OT8IaC2C5C8(C3+C4)) 


sF3 


= ( " ) 


sHz 


= T8 


sla 


» 0OT8IaC2C5C8(C3+C4) 


six 


= 0OT8C1GO 


Oxc 


= (0OT8IaGO)C2 


sO(l,3,4,5,6) 


= OxcC(3,5,6,7,8) 


r02 


= OxcC4 


sRc 


- (0OT8IaGO)C2C3C4C5C6 


Ar3 


= (01020304)Q1 


sA(0-2) 


= A(21-23)AnrAr3 


rA( » ) 


« A( " ) 


sA(3-23) 


= A(0-20)Ar3 


rA( " ) 


-X( " ) " 


sB(0-2) 


= B(21-23)BnrAr3 


rB( " ) 


= B( " ) 


sB(3-23) 


= B(0-20)Ar3 


rB( " ) 


- B( " ) " 


End 


= 05(AOO-fGO) 


Pr3 


= (F1G0)Q2 


sPO 


= (FlGO(02040506))(P129(P13P14Ia)) 


rPO 


= ( " )(P12®(P13P14Ia)) 


sPl 


= ( " )(P13S(P14Ia)) 


rPl 


= ( " )(Pl3$(P14Ia)) 


sP2 


= ( " )(PlZ©La) 


rP2 


= ( " )(Pl^La) 


rla 


- (P12P13P14)Q2F1 


sP(3-14) 


= P(0-ll)Pr3 


rP( " ) 


- P( " ) " 


Xnr 


- (01020304Ix) 


sXw(l-3) 


= ( " )Xw(l-3)T7 


rXw( " ) 


= ( " )Xw( " )T7 


Sc 


= T4(End+FlF2)Inr 


rS(l-14) 


= Sc 


Sxp 


-■ T3Int(End+JuEax)GO+T3|dn^ 


sSl 


« (FlG0(0^0^0306))(Pl3©(P14Ia))Sxp 


sS2 


= ( " )(Pl4£la)Sxp 


sS(3-14) 


a P(0-ll)Sxp 


Cxm 


= EndGOTsm(Tr+Tp) 


sC(0-23) 


= M(0-23)Cxm 


rC( " ) 


= M( " ) " 


rla 


= TrFl 


rlx 


- Tr(FlF3)(GOHt) 


rRc 


- Tr 


rFl 


- TpEndSk 


rF3 


= ( " ) 


rRf 


= Tp^l(GOHt) 


rJu 


= Tp 


Oc 


■ TpEndSk 


rO(l,3,4,5,6) 


- Oc 100 


s02 


■ Oc 



1 Cycle 



05 next (T7) 

initiate P register increment 
Initialize Clear X 

C(3-8) -» instruction to O register 



Recirculate A 

Recirculate B 
last cycle 

P+l -»P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



->X 



Clear S 



T7 

T6 thru TO 



M ->C 



Tr + Tp 



00 next clock (T8) 



NOP (20) 



RCH I 
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CLA ( 


)0001 


Clear A 


1 Cycle 


00 


T8 


rC24 
rCz 




- T8(TsTsr) 
= 0OT8 








sFl 
sF3 




- (0OT8IaC2C5C8(C3+C4)) 

- ( " ) 


05 next (T7) 






sHz 




« T8 








sla 




m 0OT8IaC2C5C8(C3+C4) 


initiate P register increment 






Oxc 




- (0OT8IaGO)C2 








30(1. 


,3,4,5,6) 


- 0x00(3,5,6,7,8) 


C(3-8) -» instruction to registe 






r02 




= OxcC4 








sRc 




- (0OT8laGO)C2C3C4C5C6 




05 


T7 


Ar3 
Anr 




- (01020304) Ql 
= RcC23 








sA(3- 

rA( » 


-23) 

' ) 


- A(0-20)Ar3 
-T( " ) » 


no inputs to A(0-2) thru TQ 
causes -» A 






sB(0- 


•2) 


- B(21~23)BnrAr3 








rB( ' 


■ ) 


= "B( " ) 








sB(3- 


-23) 


- B(0-20)Ar3 


Recirculate B T7 thru TO 






rB( ' 


1 ) 


«¥( " ) " 








End 




= 05(AOl5+Gl5) 


last cycle 






Pr3 




= (F1G0)Q2 








sPO 




- (FlGO(020^0?06))(Pl^(P13P14la)) 








rPO 




- ( " )(Pia©(Pl3Pl4la)) 








sPl 




= ( " )(P13©CP14Ia)) 








rPl 




- ( " XpISXpUiI)) 


P+l -»P T7 thru T3 






sP2 




- ( " )(Pl4©la) 








rP2 




- ( " XfUffa) 








rla 




* (P12P13P14)Q2F1 








sP(3- 


-14) 


- P(0-ll)Pr3 








rP( » 


* ) 


- p( » ) » 






T4 


Sc 




- T4(End+FlFl)Inr 








rS(l- 


-14) 


= Sc -^ 


Clear S 




T3 


Sxp 
sSl 




= T3lnt (End+JuEax) G0+T3(|£mp 

» (FlG0(ff2o"Zi33O6)) (P13®W4la) )Sxp 








sS2 




« ( " )(Pl4e&a)Sxp 


P -*S 






sS(3- 


-14) 


■ P(0-ll)Sxp 






Tr 


Cxm 




= EndGOTsm(Tr+Tp) 








sC(0-24) 


- M(0-24)Cxm 


M -> C Tr + Tp 






rC( " ) 


= TT( " ) " 








rla 
rlx 




» TrFl 






« Tr(FlF3)(S0Ht) 








rRc 




■ Tr _ 






Tp 


rFl 




= TpEndSk 








rF3 




■ ( " _) 


00 next clock (T8) 






rRf 




« TpGfiL(GOHt) 








rJu 




« Tp 








Oc 




■ TpEndSk" 








rO(l, 


3,4,5,6) 


■ Oc 


NOP (20) -»0 






s02 




- Oc 
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00 T8 



05 X7 



T4 



T3 



Tr 



Tp 



CLB 00002 


Clear B 


rC24 


■ T8(Tsfsr) 


rCz 


- 0OT8 


sFl 


= (0OT8IaC2C5C8(C3+C4)) 


sF3 


- ( " ) 


sHz 


= T8 


sla 


= 0OT8IaC2C5C8(C3+C4) 


Oxc 


= (0OT8laGO)C2 


sO(l,3,4,5,6) 


= OxcC(3,5,6,7,8) 


r02 


a 0xcC4 


sRc 


= (0OT8liGO)C2C3C4C5C6 


Ar3 


- (01020304)Q1 


sA(0-2) 


= A(21-23)AnrAr3 


rA( " ) 


= X( " ) 


sA(3-23) 


= A(0~20)Ar3 


rA( » ) 


= A( " ) " 


Bnr 


= RcC22 


sB(3-23) 


= B(0-20)Ar3 


rB( " ) 


-T( " ) " 


End 


- 05(AOO+GO) 


Pr3 


- (F1G0)Q2 


sPO 


= (FlGO(02040506))(Pl2$<Pl3P14la)) 


rPO 


- ( " )(Pia®(Pi3PUla)) 


sPl 


= ( " )(P13®(P14la)) 


rPl 


= ( " )(P139KP14Ia)) 


sP2 


= ( " )(P14©ta) 


rP2 


- ( " )<Pl«*a) 


rla 


- (P12P13P14)Q2F1 


sP(3-14) 


* P(0-ll)Pr3 


rP( " ) 


- P( " ) " 


Sc 


= T4(End+FlF2)Inr 


rS(l-14) 


= Sc 


Sxp 


» T3Int(End+JuEax)GCH-T3Kmd 


sSl 


« (FlGO(32o^06))(P133^4Ia))Sxp 


sS2 


= ( " )(Pl4$ECa)Sxp 


sS(3~14) 


= P(0~ll)Sxp 


Cxm 


■ EndGOTsm(Tr+Tp) 


sC(0-23) 


= M(0-23)Cxm 


rC( " ) 


= M( " ) " 


rla 


= TrFl 


rlx 


= Tr(FlF3)(GOHt) 


rRc 


= Tr 


rFl 


■ TpEndSk 


rF3 


. ( » ) 


rRf 


= Tp^l(GOHt) 


rJu 


= Tp _ 


Oc 


= TpEndSk 


r0(l,3,4,5,6) 


- Oc 


s02 


= Oc 



1 Cycle 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



Recirculate A 



no inputs to B(0-2) 
caus es -» B 
last cycle 



P+l -*P 



T7 thru TO 



T7 thru TO 



T7 thru T; 



Clear S 



M -* C 



Tr + Tp 



00 next clock (T8) 



NOP (20) ->0 



102 



RCH 4 



\6 



CAB 00004 



Copy A into B 



1 Cycle 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

s0(l,3,4,5/6) 

r02 

sRc 
05 T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( » ) 

Bnr 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



T8(TsTsr) 

0OT8 

(0OT8laC2C5C8(C3+c5)) 

( " ) 

T8 

0OT8IaC2C5C8 (C3+C4) 

(0OT8laGO)C2 

OxcC(3,5,6,7,8) 

0xcC4 

(0OT8laGO ) C2C3C4C5C6 

(01020304)Q1 

A(21-23)AnrAr3 

A( " ) » 

A(0-20)Ar3 

A( " ) " 

RcC21 

A(21-23)RcC21Ar3 

A( " ) 

B(0-20)Ar3 

05(AOO+GO) 

FlGO) g2___ 

F1GO (02040506)) (Pl2$(P13P14Ia) ) 
)(Pl2©(Pl3P14Ia)) 
)( P13®(Pl4la) ) 
)(Pl3©(Pl4la)) 
) ( Pl4®La) 

" ) (Pl^Ca) 

P12P13P14)Q2F1 

- P(0-ll)Pr3 

«T( ■» )_l* 

« T4(End+FlF2)Inr 

= Sc_ 

= T3Int (End+JuEa x) GO+T: 

« (FlGO(6~2o4'0506) ) (Pl3®(pl4la) )Sxp 

- ( " )(Pl4©ta)Sxp 

- P(0-ll)Sxp 
= EndGOTsm(Tr+Tp) 
= M(0-23)Cxm 
= 1T( " ) " 

- TrF i_ ^ 

- Tr(FlF3)(G0Ht) 

■ Tr 

« TpEndSk 

- < " JL_ 

= Tp01(G§Ht) 

■ Tp 

■ TpEndSk* 
= Oc 

■ Oc 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



Recirculate A 



T7 thru TO 



A -»B 
last cycle 

P+l -»P 



T7 thru TO 



T7 thru T3 



Clear S 



P -»S 



M -» C 



Tr + Tp 



00 next clock (T8) 



NOP (20) ->0 



103 



RCH 5 



46 




CBA 00010 


Copy B into A 


1 Cycle 


00 


T8 


rC24 
rCz 


» T8(TsTsr) 
■ 0OT8 








sFl 
sF3 


■ (0OT8IaC2C5C8(C3+c4)) 
= ( " ) 


05 next (T7) 






sHz 


- T8 








sla 


- 0OT8laC2C5C8(C3+C4) 


initiate P register increment 






Oxc 


- (0OT8laGO)C2 








80(1,3,4,5,6) 


« OxcC(3,5,6,7,8) 


C(3-8) -» instruction to registe 






r02 


= OxcC4 








sRc 


= (0OT8IaGO)C2C3C4C5C6 




05 


T7 


Ar3 
Anr 

sA(0-2) 
rA( " ) 


- (01020304)Q1 
<= RcC20 

=» B(21-23)RcC20Ar3 
= B( " ) " 








sA(3~23) 


» A(0-20)Ar3 


B -*A T7 thru TO 






rA( " ) 


-*( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 


= B( " ) 








sB(3-23) 


- B(0-20)Ar3 


Recirculate B T7 thru TO 






rB( " ) 


= ¥( " ) " 








End 


» 05(AOO+GO) 


last cycle 






Pr3 
sPO 


= (FIGOO^ 






- (FlGO(02040506))(Pl2©(Pl3P14Ia)) 








rPO 


= ( " )(P12©(Pl3Pl4Ia)) 








sPl 


= ( " )(P13©(Pl4Ia)) 








rPl 


= ( » )(Pl^Pl4ia)) 


P+l -* P T7 thru T3 






sP2 


= ( " )(P14£la) 








rP2 


- ( " )(P14Ma) 








rla 


= (P12P13P14)Q2F1 








sP(3-14) 


= P(0-ll)Pr3 








rP( " ) 


= T( " ) " 






T4 


Sc 


- T4(End+FlF2)Inr 








rS(l-14) 


- T3Int(End-hJuEax)GC4-T3^m^ 


Clear S 




T3 


Sxp 








sSl 


» (FlG0(0la50306))(Pl3®(Pl4la))Sxp 








sS2 


= ( " )(P14©La)Sxp 


P -»S 






sS(3~14) 


» P(0-ll)Sxp 






Tr 


Cxm 


= EndGOTsm(Tr+Tp) 








sC(0-23) 


= M(0-23)Cxm 


M -> C Tr + Tp 






rC( .» ) 


= TT( " ) " 








rla 


= TrFl 








rlx 


= Tr(FlF3)(GOHt) 








rRc 


= Tr 






Tp 


rFl 


« TpEndSk 








rF3 


= ( » ) 


00 next clock (T8) 






rRf 


- Tp^I(GOHt) 








rJu 


= Tp 








Oc 


■ TpEndSK 








rO(l,3,4,5,6) 


= Oc 


NOP (20) ->0 






s02 


= OC 





104 



RCH 6 



' + 6 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



CBX 00020 


Copy B into X 


1 Cycle 


rC24 


- T8(TsTsr) 




rCz 


- 0OT8 




sFl 
sF3 


- (0OT8laC2C5C8(C3+C4)) 

- ( " ) 


05 next (T7) 


sHz 


■» T8 




sla 


- 0OT8IaC2C5C8(C3+C4) 


initiate P register increment 


Oxc 


= (0OT8IaGO)C2 




sO(l,3,4,5,6) 


■ 0xcC(3,5,6,7,8) 


C(3-8) -* instruction to registe 


r02 


« OxcC? 




sRc 


- (0OT8lAGO)c2C3C5C5C6 




Ar3 


- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 
sA(3-23) 


«"£( " ) 
» A(0-20)Ar3 


Recirculate A T7 thru TO 


rA( " ) 


-T( " ) " 




sB(0-2) 


« B(21~23)BnrAr3 




rB( " ) 


= ~B( " ) " 




sB(3-23) 


- B(0-20)Ar3 


Recirculate B T7 thru TO 


rB( " ) 


= T( " ) " 




End 


- 05(A1HJ+GO) 


last cycle 


Pr3 


«(F1G0)Q2 




sPO 


- (FlGO(020^0506))(Pl2S(Pl3Pl4Ia)) 




rPO 


= ( " )(Pl2©(P13P14Ia)) 




sPl 


= ( " )(P13®(P14Ia)) 




rPl 


- ( " )(P13©(Pl4Ia)) 


P+l -» P T7 thru T3 


sP2 


= ( " )(P14©Ea) 




rP2 


« ( " )(Pl4tta) 




rla 


= (P12P13P14)Q2F1 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


= T( ." ) " 




Xnr 


- (Rcl9) 




sXw(l-3) 


- ( " )B(21-23) 


B ->X T7 thru TO 


rXw( " ) 


« ( » ■)■*( ■• ) 




Sc 


» T4(End+FlF2)Inr 




rS(l-14) 


= Sc ^^ 


Clear S 


Sxp 


*= T3 Int ( End-KJuEax) GO+T3(Kmd 




sSl 


« (FlGO(6^0^O506))(Pl3@tPl4Ia))Sxp 




sS2 


* ( " )(Pl4©[a)Sxp 


P ->S 


sS(3-14) 


« P(0~ll)Sxp 




Cxm 


= EndGOTsm(Tr+Tp) 




sC(0-23) 


« M(0~23)Cxm 


M -> C Tr + Tp 


rC( " ) 


-"ff( " ) " 




rla 


- TrFl 




rlx 


- Tr(FlF3)(GOHt) 




rRc 


- Tr 




rFl 
rF3 


- TpEndSk 
■ Tpftl(GOHt) 


00 next clock (T8) 


rRf 




rJu 


= Tp 




Oc 


■ TpEndSk 




rO(l,3,4,5,6) 


« Oc 


NOP (20) ->0 


s02 


■ Oc irif - 





RCH 7 



46 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



CXB 00040 


Copy X into B 


rC24 


= T8(Tsfsr) 


rCz 


- 0OT8 


sFl 


* (0OT8laC2C5C8(C3+C4)) 


sF3 


- ( " ) 


sHz 


- T8 


sla 


= 0OT8IaC2C5C5(C3-l-C4) 


Oxc 


= (0OT8laGO)C2 


sO(l,3,4,5,6) 


= 0x00(3,5,6,7,8) 


r02 


= 0xcC4 


sRc 


= (0OT8laGO)C2C3C4C5C6 


Ar3 


= (01020304)Q1 


sA(0-2) 


= A(21-23)AnrAr3 


rA( " ) 


= A( » ) " 


sA(3-23) 


= A(0-20)Ar3 


rA( » ) 


= X( " ) » 


Bnr 


= RcC18 


sB(0-2) 


= Xn(l-3)RcCl8Ar3 


rB( •" ) 


= ~Xn"( " ) " 


sB(3-23) 


= B(0-20)Ar3 


rB( " ) 


-"*( " ) " 


End 


= 05(AOO+GO) 


Pr3 


- (F1G0)Q2 


sPO 


» (FlG0(02040506))(Pl2S(P13Pl4la)) 


rPO 


= ( » )(Pl2KPi3Pl4la)) 


sPl 


= ( " )(P13Q-XP14Ia)) 


rPl 


= ( " )(P13®(P14la)) 


sP2 


= ( " )(Pl4©a) 


rP2 


= ( " )(Pl4&Ea) 


rla 


= (P12P13P14)Q2F1 


sP(3-14) 


- P(0-ll)Pr3 


rP( " ) 


= P( " ) " 


Sc 


= T4(End+FlF2)Inr 


rS(l-14) 


= Sc 


Sxp 


« T3Int(End+JuEax)G0+T3^mc} 


sSl 


* (FlGO((J20^0306))(P13OT14la))Sxp 


sS2 


- ( " )(Pl4&Ia)Sxp 


sS(3~14) 


« P(0-ll)Sxp 


Cxm 


= EndG0Tsm(Tr+Tp) 


sC(0~23) 


» M(0~23)Cxm 


rC( " ) 


»TT( " ) " 


rla 


= TrFl 


rlx 


= Tr(FlF3)(G0Ht) 


rRc 


■ Tr 


rFl 


= TpEndSk 


rF3 


- ( " Jr- 


rRf 


= Tp^l(GOHt) 


rJu 


= Tp 


Oc 


= TpEndSk" 


rO(l,3,4,5,6) 


= Oc 


s02 


= Oc 



1 Cycle 



05 next (T7) 

initiate P register increment 
C(3-8) -> instruction to register 



Recirculate A 



T7 thru TO 



X ->B 
last cycle 

P+l -*P 



T7 thru TO 



T7 thru T3 



Clear S 



P -*S 



M -* C 



Tr + Tp 



00 next clock (T8) 



NOP (20) -»0 
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RCH 6 



46 



00 T8 



05 T7 



T5 



T4 



T3 



Tr 



Tp 



RCH 00 100 


Copy least significant 9 bits only 
extend bit 15 throughout X when 
X is designation register. 




1 Cycle 


rC24 


= T8(lsfsr) 




rCz 


« 0OT8 






sFl 
sF3 


* (0OT8laC2C5C8(C3+c4)) 
- ( " ) 


05 next (T7) 




sHz 


■ T8 






sla 


= 0OT8XaC2C5CB(C3+C4) 


initiate P register 


increment 


Oxc 


- (0OT8laGO)c2 






80(1,3,4,5,6) 


= 0xcC(3,5,6,7,8) 


C(3-8) -> instruction to registe 


r02 


■ OxcCft 






sRc 


- (0OT8liGO)C2C3C4C5C6 






Ar3 


« (01020304)Q1 






sA(0-2) 


= A(21-23)AnrAr3 






rA( » ) 


- A( " ) " 


Recirculate A 


T7 thru TO 


sA(3-23) 


« A(0-20)Ar3 






rA( » ) 


= X( " ) " 






sB(0-2) 


« B(21-23)BnrAr3 






rB( " ) 
sB(3-23) 


«B( " ) " 
» B(0-2O)Ar3 


Recirculate B 


T7 thru TO 


rB( " ) 


«"B( " ) " 






End 


- 05(AOO"+GO) 


last cycle 




Pr3 


* (F1G0)Q2 






sPO 


= (FlGO(O~204O3O6))(P12©(P13P14Ia)) 




rPO 


a ( " )(P13©(P13P14Ia)) 






sPl 
rPl 


- ( " )(P13©(Pl4Ia)) 
« ( " )(Pl3©(pUla)) 


P+l -»P 


T7 thru T3 


sP2 


» ( " )(P14£[a) 






rP2 


= ( " )<Pl4©[a) 






rla 


- (P12P13P14)Q2F1 




sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 


« P*( " ) " 






six 


= RcC17T5(C15+C19) 


only for CAX or CBX 




rRc 


a C17T5 


A and B recirculate 


T4 thru TO 


Sc 


« T4(End+FlF2)Inr 






rS(l-14) 


= Sc 


Clear S 




Xnr 


= 01020304Ix 






sXw(l~3) 


= ( " )XwlT7 


extend X15 thru X0 




rXw(l-3) 


= ( " )XwlT7 ^ 
o T3Int(End+JuEax)GO+T3(£m£ 






Sxp 






sSl 


= (F1G0 (0204050 6) ) (P13©(Pl4la) ) Sxp 






sS2 


- ( " )(Pl4©Ea)Sxp 


P ~»S 




sS(3-14) 


- P(0-ll)Sxp 






Cxm 


» EndGOTsm(Tr+Tp) 






sC(0-23) 


» M(0-23)Cxm 


M -»C 


Tr + Tp 


rC( " ) 


- M( " ) " 






rla 


« TrFl 






rlx 


- Tr(FTF3)(G0Ht) 




rRc 


= Tr 






rFl 


» TpEndSk 






rF3 


a ( " ) 


00 next clock (T8) 




rRf 


- Tp^I(GOHt) 






rJu 


« Tp 






Oc 


a TpEndSIc 1/v _ 






rO(l,3,4,5,6) 


» 0c 107 


NOP (20) ->0 




s02 


a OC 







RCH 9 



46 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



CXA 00200 


Copy X into A 


1 Cycle 


rC24 


= T8(Tsfsr) 




rCz 


- 0OT8 




sFl 
sF3 


= (0OT8laC2C5CB(Cl+cS)) 
= ( " ) 


05 next (T7) 


sHz 


= T8 




sla 


- 0OT8laC2C5C8(C3+C4) 


initiate P register increment 


Oxc 


= (0OT8IaGO)C2 




sO(l, 3,4,5, 6) 


= OxcC(3,5,6,7,8) 


C(3-8) -» instruction to registe 


r02 


= 0xcC4 




sRc 


= (0OT8IaGO)C2C3C4C5C6 




Ar3 


= (01020l04)Ql 




Anr 


= RcCl6 




sA(0-2) 


« Xn(l-3)RcCl6Ar3 




rA( » ) 
sA(3-23) 


- 15T( " ) 
= A(0-20)Ar3 


X ->A T7 thru TO 


rA( " ) 


= A( » ) '» 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 
sB(3-23) 


= T( " ) 
- B(0-20)Ar3 


Recirculate B T7 thru TO 


rB( » ) 


- B( " ) " 




End 


- 05(SDD+g5) 


last cycle 


Pr3 


= (F1G0)Q2 




sPO 


- (FlG0(020~2i-0306))(Pl2©(P13Pl4Ia)) 




rPO 


= ( " )(P12©CP13P14Ia)) 




sPl 


» ( " )(P13©(Pl4la)) 




rPl 


= ( " )(Pl3«Pl4la)) 


P+l -> P T7 thru T3 


sP2 


- ( " JCPWa) 




rP2 


= ( » )(PlA&a) 




rla 


= (P12P13P14)Q2F1 




sP(3-14) 


= P(0-ll)Pr3 




rP( " ) 


-T< " ) " 




Sc 


= T4(End+FlF2)Inr 




rS(l-14) 


-. T3lnt(End+JuEax)G0+T3^ 


Clear S 


Sxp 




sSl 


~ (FlG0(020^O506))(Pl3^(P14Ia))Sxp 




sS2 


- ( " )(Pl^®Ca)Sxp 


P -*S 


sS(3~14) 


« P(0-ll)Sxp 




Cxm 


= EndGOTsm(Tr+Tp) 




sC(#-23) 


* M(0«23)Cxm 


M -» C Tr + Tp 


rC( " ) 


= TT( » ) » 




rla 


= TrFl 




rlx 


» Tr(FTF3)(GOHt) 




rRc 


■ Tr 




rFl 


■ TpEndSk 




rF3 


. ( » ) 


00 next clock (T8) 


rRf 


» Tpm^euHt) 




rJu 


- Tp 




Oc 


■ TpEndSk 




rO(l,3,4,5,6) 


■ Oc 


NOP (20) -*0 


s02 


- Oc 
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RCH 10 



00 T8 



05 T7 



T4 



T3 



Tr 



Tp 



GAX 00400 


Copy A into X 


1 Cycle 


rC24 


- T8(TsT~sr) 




rCz 


- 0OT8 




sFl 
sF3 


- (0OT8laC2C5C8(c3+c4)) 

- ( " ) 


05 next (T7) 


sHz 


■ T8 




sla 


» 0OT8TaC2~c3cS(c3-H55) 


initiate P register increment 


Oxc 


- (0OT8laGO)C2 




80(1,3,4,5,6) 


» 0xcC(3,5,6,7,8) 


C(3-8) -> instruction to registe 


r02 


* OxcS5 




sRc 


= (0OT8TaGO)C2C3c5C5C6 




Ar3 


- (0102C : 304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 
sA(3-23) 


= T( " ) " 
- A(0-20)AR3 


Recirculate A T7 thru TO 


rA( » ) 


= X( " ) " 




sB(0-2) 


« B(21~23)BnrAr3 




rB( " ) 
sB(3-23) 


«T( " ) " 
- B(0-20)Ar3 


Recirculate B T7 thru TO 


rB( " ) 


-T( " ) " 




End 


- 05(55O+GO) 


last cycle 


Pr3 


- (F1G0)Q2 




sPO 


= (FlGO(o2o40506))(P12©(Pl3P14Ia)) 




rPO 


« ( " )(Pl2©(Pi3pUla)) 




sPl 


- ( " )(P13$<P14Ia)) 




rPl 


- ( " )<Pl3«Pl4la)) 


P+l -» P T7 thru T3 


sP2 


= ( " )(Pl4©ta) 




rP2 


- ( " )(Pl4Bta) 




rla 


» (P12P13P14)Q2F1 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


-T( " ) " 




Xnr 


« (RcC15) 




sXw(l-3) 


- ( " )A(21-23) 


A ->X T7 thru TO 


rXw( " ) 


- ( " )T(21-23) 




Sc 


= T4(End+FlF2)Inr 




rS(l-14) 


« T3lnt(End+JuEax)GO+T3W 


Clear S 


Sxp 




sSl 


» (FlGOC520^0506))(P13©(P14la))Sxp 




sS2 


« ( " )(Pl4©La)Sxp 


£f '*"Wfc^ |j 


sS(3-14) 


» P(0-ll)Sxp 




Cxm 


= EndGOTsm(Tr+Tp) 




sC(0~23) 


« M(0-23)Cxm 


M-*C Tr + Tp 


rC( " ) 


= TT( " ) " 




rla 


= TrFl 




rlx 


«■ Tr(FlF3)(G75Ht) 




rRc 


= Tr 




rFl 


■ TpEndSk 




rF3 
rRf 


- Tp^l(GOHt) 


00 next clock (T8) 


rJu 


■ Tp 




Oc 


* TpEnd"§lc 




rO(l,3,4,5,6) 


= Oc 


NOP (20) -»0 


s02 


" 0c 109 





RCH 11 



46 



CNA 01000 



Copy Negative of A into A 



1 Cycle 



00 T8 rC24 

rCz 

sFl 

sF3 

sHz 

sla 

Oxc 

sO(l,3,4,5,6) 

r02 

sRc 
05 T7 Ar3 

Anr 

sA(0-2) 

rA( " ) 

Hx(l-3) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

End 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l~14) 
¥3 Sxp 

sSl 

sS2 

sS(3-14) 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rRc 
Tp rFl 

rF3 

rRf 

rJu 

Oc 

rO(l,3,4,5,6) 

s02 



= T8(TsTsr) 

= 0OT8 

- (0OT8laC2C5C8(C3-KJ2O) 

- ( " ) 
= T8 

= 0OT8IaC2C5C8(C3+C4) 

= (0OT8laGO)C2 

= OxcC(3,5,6,7,8) 

= 0xcC5 __ 

= (0OT8TaGO)C2C3C5c5C6 

= (01020304)Q1 

= RcCl4 

= Ha(l-3)RcC14 

= Ha~( " ) " 

» Flfl3X(21-23) 

- A(0-20)Ar3 
= X( " ) " 

= B(21-23)BnrAr3 
= T( " ) 
= B(0-20)Ar3 
= ¥( " )__ 
= 05(Affi)+GO) 
:F1G0) Q2_ 

;F1G0(M0^506)) (Pl2©(P13Pl4Ia)) 
)(PllKPl3Pl4la)) 
)( P13$(P14Ia) ) 
)(Pl3©CP14Ia)) 
)(Pl4ga) 
_____ )(PTfflS) 
;P12P13P14)Q2F1 

- P(0-ll)Pr3 

-T( " )___ 

= T4(End+FlF2)Inr 

= T3lnI(End4_uEax)GO+T3^^ 

« (F1G0(02040506) > (Pl33XP14la) ) Sxp 

= ( " )(Pl4£ta)Sxp 

» P(0-ll)Sxp 

= EndGOfim(Tr+Tp) 

- M(0-23)Cxm 

-TT( " ) " 

« TrFl ___, 

- Tr(FlF3)(G0Ht) 
= Tr 

= TpEndsT 

- Tpftl(GOHt) 
= Tp 

= TpEndsT 

- Oc 
= Oc 
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05 next (T7) 

Set carry into half adder 
initiate P register increment 

C(3-8) ~» instruction to O register 



Ha » Hx+1 
Hx =_X 
A = A+l = 



Recirculate B 



last cycle 



P+l -»P 



T7 thru TO 



T7 thru TO 



T7 thru T3 



Clear S 



M ->C 



Tr + Tp 



00 next clock (T8) 



NOP (20) -*0 



SKE 1 



50 



SKE 



Skip if A Equals (M) 



A ± (M) ; P + 1 -> P 
A * (M) ; P + 2 -» P 



2 Cycles 

3 Cycles 



00 



T8 


rCz 


« 0OT8 




six 


- 0OT8C1GO 




Oxc 


m (0OT8IaGO)C2 




80(1,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


- <2k)xc 


T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


- A(21-23)XnrAr3 




rA( » ) 


- X( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


» B(21-23)BnrAr3 




rB( " ) 


«B( " ) " 




sB(3-23)' 


- B(0-20)Ar3 




rB( " ) 


- B( »' ) " 




Cr3 


- FIF2(fsQl) 




sC(0-2) 


- Add(l-3)0OjuTsCr3 




rC( •' ) 


« A33( " ) " * 




sC(3-23) 


'■- C(0-20)Cr3 




rC( " ) 


- 7T( " ) " 




Xz(l-3) 


- Xn(l-3)0O-Ix 




*£( " ) 


- Xn( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)$7 




sCz 


- c( " )" 
* KzQlT0?7 




rCz 


- KzQl 




sCp 


- (C21$C22$C23)CpTsHtQlFlFl 




rCp 


- ( " )Cp " 


T4 


Sc 


- T4FlF"3Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


- T3F1f2Ju" 




sS(Xy2) 


- Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCs 


- *lTO 


Tr 


Cxm 


« 3ui0oflm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxra 




rC( " ) 


m TrCxm 




sHt 
rlx 


- cpTtf^cogr 

« Tr(FlF3)(G0Ht) 




rKO 


■ GOTrFl 


Tp 


sCp 


- M24CxxnHtTsTg 




sFl 


« (Tpla<*0)0104 




sF2 


- ( " )0301 



Initialize carry 
Initialize indexing 

Instruction -* 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



GUC-Ix -»C (Add-Xz+Yz) T7 thru TO 

Adder input if Xx (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X«Ix -►S 

M -* C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 



11 



oat 2 



TS 



T7 



T4 



T3 



Tr 



sl« 
Ind 
•8k 

Ar3 

aA(0-2) 
rA( « ) 
•A(3-23) 
rA( " ) 
sB(0-2) 
rB( " ) 
sB (3-23) 
rB( " ) 
Cr3 

•C(0-2) 
rC( •• ) 
aC(3-23) 
rC( " ) 
Xt(l-3) 
T«(l-3) 

YiT( " ) 

sCa 

rCz 

sCp 

rCp 

Pr3 

aPO 

rPO 

aPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

rSk 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3-14) 

rS( M ) 

Cxn 

sC(0-23) 

rC( " ) 

aHt 



T8FlT3©@ 
P1F2 

(O1O203O42Q1 
A(21-23)AnrAr3 
X( " ) " 

A(0-20)Ar3 
T( " ) " 
B(21-23)InrAr3 
T( " ) M 
B(0-20)Ar3 
T( » ) " 
PlI3(fiQl) 
Add(l-3)0&aCr3 
X3a( " ) 
C(0-20)Cr3 
C"( " ) " 

C(21-23)^T 

C* " i" 

KeQ1F1?7 

KsQl 

(C2*3C2a9C23)2pTSfftQ106O3 

( )Cp 

(F10O)Q2 

(P12gP13P14Ia)FlGO(02(%g5O6)Pr3 



( 



-IT 



) 



- (P1 3ggl4la) " 

- < "—5 

- P(0-ll)Pr3 

- T( " ) " 

« (HiplSfU>Q2Fl __ 

- ££C(21-23)(06O1O3O5O5O6Q1)O2 
« T4End£nr 

- Sc 

■ T3lntEndGO 

- (Pl»14la)FlGO(325W5506)Sxp 
/ TTC yy ■■ \ it 



:W 



- P(0-ll)Sxp 

-T( " > " 

•• EndGOTsm(Tr+Tp) 

- M(0-23)6» 

- Tr 

- CpT 



Initiate P register Increment: 
Laat cycle 



Recirculate A 



Recirculate B 



Recirculate C 
Adder Input (0) 

* * , s 

Adder input (C) 
Carry logic 
Check parity 



P «f 1 -+P 



Not skip logic 
Clear S 



T7 thru TO 



T7 thru TO 



T7 thru TO 

T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 



T7 thru T3 



T7 thru TO 



P13,14 contains PI, P2 at T3 
P + 1 ~>S 



TrQPHre 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity «error 
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SKE 3 





rl* 




- TrFl 




tlx 




- Tr(flF3)(C5Ht) 


Tp 


rAOO 




■» TpEndGO 




rBOO 




- < " L_ 




sCp 




- M24C3aaHtTsTp 




rF(l,2) 




- TpEndglc 




■F3 




■ TpSk 




Oc 




« TpEndSk 




802 




■ Oc 




1:0(1,3,4,5; 


,*> 


■t Oc 



Initiate parity 
00 next if Sk 
07 next if Sk 



NOP (20)— ^0 
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SKE 4 



T8 



T7 



T4 

T3 



TO 



Tr 



TP 



a la 


- Sk07T8!J3^ 


Initiate P register increment 


End 


- F1F2 


Last cycle 


Ar3 


- (0102#304)Q1 




sA(0-2) 


« A(21-23)iKn?Ar3 




rA( " ) 
sA(3-23) 


-X( " ) 
- A(0-20)Ar3 


Recirculate A 17 thru TO 


rA( ■• )> 


«X( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( M ) 
aB(3-23) 


« B( ■' ) ' " 
« B(0-20)Ar3 


Recirculate B 17 thru TO 


rB( M ) 


• T( •• ) " 




Pr3 


- (F100)Q2 




8P0 


m (P12®Pl3P14la) F1G0 (020^0506) Pr3 




rPO 


- < " ) 




0FX 


- (P13$P14Ia) '* 




rPl 


m ( «■ ) " 




aP2 


- (P14$U) 


P + 1 ~> P T7 thru T3 


rPZ 


- ( " > 




sP(3*l4) 


- P(0~ll)Pr3 




rP( » ) 


-T( M ) " 




rla 


- (51itl3PU)Q2Fl 




Sc 


■• T4EndInr 




rS(l»14) 


* Sc 


Clear S 


83^> 


m T3IntEndO0 




sSl 
rSl 


- (P13^14la)Fi(»(02040506)Sxp 

- ( " ) 


P13, P14 contain jfl, P2 at T3 


882 


- (P140Sa) " 


P + 1 -► S 


rS2 


- ( " ") 




flfl&»14) 


- P(0-ll)Sxp 




rS( " ) 


-T( " ) •' 




rSk 


• 07TO 




rep 


m giTQHtKO(F103g4g6)?2 




Cxm 


•■ &id<30TB»(Tr+Tp) 




aC(0*23) 


• M<0-23)fccra 


M -* C (Fetch next instruction) 


rC( w ) 


- TrCxm 


Tr thru Tp 


rla 


m TrfTl 




rlx 


- Tr(?IH)(35it") 




rAOO 


■ TpEndOO 




rBOO 


- c " L_ 




sCp. 


- M24GMRHt3sTp 


Initiate parity check 


rF(l~3) 


* TpBndSE 


00 next clock (T8) 


Oc 


- ( " ) 




802 


m OC 




10(1,3,4,5,6) 


• Oc 


NOP (20) -*0 
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51 



00 





BRR 


Return Branch 


T8 


rCz 


- 0OT8 




sHz 


= T8 




six 


- C1GO0OT8 




Oxc 


- IiGOC*20OT8 




sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


* Sioxc 


T7 


Ar3 


- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


«T( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( » ) » 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- F( " ) " 




sB(3-23) 


» B(0~20)Ar3 




rB( " ) 


- B( " ) " 




Cr3 


- (TsQl)FlF2 




sC(0-2) 


- Add(l-3)JuTsCr30O 




rC( " ) 


- Aod( " ) " 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


■ "C( " ) " 




sCp 


-■ (C2]@C2^C23)CpTlHtQlFlF2 




rCp 


- ( " )Cp 




Xz(l-3) 


- Xn(l~3)0OIx 




3^( " ) 


- Xn( " )0OIx+l¥ 




Yz(l-3) 


- C(21~23)07 




Yz( » ) 


- TT( " ) " 




sCz 


- KzQlfU 




rCz 


a KzQl 


T4 


Sc 


" InrFlF2T4 




rS(l-14) 


■ Sc 


T3 


Sxc 


- JuFlF2T3 




sS(l,2) 


a Add(2,3)Sxc 




sS(3-14) 


a C(0-ll)Sxc 


TO 


rCz 


- FlTO 


Tr 


Cxm 


« JuTim0O(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


■ CxmTr 




sCz 


- O5o5O60OTr 




sHt 


■ CpjQKOftZTr 




rlx 


« (FIF3)((5c-Ht)Tr 




rRc 


■ Tr 


Tp 


sCp 


- M24CxmHtTsTp 




sFl 


« O2fIaO10OTp 




sF2 


- m " 



(M) +1-4P 



2 Cycles 



Initiate indexing 
Instruction to register 

Recirculate A T7 thru TO 

Recirculate B T7 thru TO 

C + X'lx -» C T7 thru TO 

Parity check T7 thru TO 

Adder input (X-Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 
Clear S 

C(10-23) -»S 

M -+ C (Fetch operand) Tr thru Tp 

Initiate C register increment 
Parity error 

Initiate parity 
06 next clock (T8) 
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06 T8 



T7 



T4 



T3 



Tr 



Tp 



End 


- F1F2^^ 


sla 


- FlF3Q^r)C8 


Ar3 


- (010 20304) Ql 


sA(0-2) 


- A(21-23)SnrAr3 


rA( » ) 


- A( " ) 


sA(3-23) 


- A(0-20)Ar3 


rA( » ) 


- A< » ) " 


sB(0-2) 


- B(21-23)BnrAr3 


rB( " ) 


= T( " ) 


sB(3-23) 


■ B(0~20)Ar3 


rB( " ) 


»T( " ) " 


Cr3 


- TsFlf3Ql 


sC(0-2) 


- Add(l-3)T"sCr306 


rC( " ) 


= Add( " ) 


sC(3-23) 


« C(0~20)Cr3 


rC( " ) 


- C( " ) " 


sCp 


- TsCpHtO306Ql 


rCp 


■ TsCp " 


sOf 


m O3(O"2O"*O"3O6)CO06T7 


Pr3 


* F1G0Q2 


sP(0-2) 


■ Add(l-3)02040506Pr3 


rP( " ) 


- Add( " ) 


sP(3-14) 


- P(0-ll)Pr3 


rP( " ) 


-T( " ) " 


X£(l-3) 


«a IX 


Yz(l~3) 


- C(21-23)?T7 


Yz( » ) 


- "C( " ) " 


sCz 


* KzFlQl 


rCz 


- KzQl 


rla 


- (P12P13P14)Q2F1 


Sc 


- InrT4 


rS(l-14) 


- Sc 


Sxp 


■ IntEndG0T3 


sS(l,2) 


- Add(2,3)0~20"3o306Sxp 


sS(3-14) 


- P(0-ll)Sxp 


Cxm 


« EndG07sm(Tr+Tp) 


sC(0-23) 


= M(0-23)Cxm 


rC( " ) 


- CxmTr 


sHt 


» CpTt@K0^2 


rRc 


- Tr 


rAOO 


- EndGOTp 


rBOO 


- ( " ) 


sCp 


- M24CxniHtTsTp 


rF(l,2) 


» EndSIcTp 


Oc 


- ( " ) 


rO(l, 3,4,5, 6) 


m OC 


s02 


a Oc 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Recirculate C 

Check parity 

Set overflow if CO 

C + 1 -*P 



T7 thru TO 



T7 thru T3 



Adder input (C) T7 thru TO 
Carry logic T7 thru Tl 

Clear S 
C + 1 ->S 

M -* C (Fetch next instruction) 

Tr thru Tp 

Parity error 



Initiate parity 
00 next clock (T8) 



NOP (20) ->0 
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fgjt) z. 



SKB 



Skip if B and M do not Compare Ones Bi»(M)i=l; P + 1 -» P 2 Cycles 

Bi»(M)i«0; P + 2 -» P 3 Cycles 



00 T8 



T7 



T4 



T3 



TO 
Tr 



Tp 



rCz 

six 

Oxc 

30(1,3,4,5,6) 

r02 

Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( » ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l-3) 

XS( » ) 

Yz(l-3) 

Yz( " ) 

sCz 

rCz 

sCp 

rCp 

Sc 

rS(l-14) 

Sxc 

sS(ly2) 

sS(3-14) 

rCz 

Cxm 

sC(0-23) 

rC( " ) 

sHt 

rlx 

rKO 

sCp 

sFl 

sF2 



- 0OT8 

« 0OT8C1GO 

- (0OT8IaGO)C? 

» C(3,5,6,7,8)Oxc 

■ cZOxc 

- (01025504)Q1 

- A(21-23)XnrAr3 
-X( " ) " 

« A(0-20)Ar3 

- A( " ) " 

■ B(21-23)BnrAr3 

«¥( " ) 

» JB(0-20)Ar3 
= B( »• ) " 

- FlFl(fsQl) 

- Add(l-3)0OJuTsCr3 

- A33( " ) 

- C(0-20)Cr3 

- T?( " ) " 

- Xn(l-3)0O-Ix 

« Xn( " )0Olx+Ix 

- C(21-23)£T 
« C( 1 ) » 

- KzQlT0fiT7 

- KzQl _ 

- (C2*$C22$C23)CpTsHtQlFlF2 

- ( " )Cp " 

- T4Flf5Tnr 
« Sc 

« T3tlF5ju 
« Add(2,3)Sxc 

- C(0-ll)Sxc 
» FlTO 

■ Ju0OTsm(Tr+Tp) 

- M(0-23)Cxm 
« TrCxm 

- CpT ^C Q gl 

« Tr(FlF3)(G0Ht) 

- G0TrF2 

- M24CxmHtTsTp 
« (TpIa0O)OlO4 

- ( " )0301 



Initialize carry 
Initialize indexing 

Instruction -> 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X'Ix -»C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X*Ix ->S 

M -» C (Fetch operand) Tr thru Tp 
farity error 

Initiate parity 
06 next clock (T8) 
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T8 



T7 



T4 



T3 



Tr 



sla 

End 

sSk 

Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l-3) . 

Yz(l-3) 

Yz( » ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

rSk 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

8S2 

rS2 

sS(3-U) 

rS( " ) 

Cxm 

sC(0-23) 

rC( " ) 

sHt 



T8F1IK0© 
F1F2 

(OlO3Jgff&0 6)T8 
(Q102P304)Q1 
A(21-23)AnrAr3 
A( " ) 
A(0-20)Ar3 
T( " ) " 
B(21-23)BnrAr3 
T( " ) " 
B(0-20)Ar3 
"B( » ^2 " 
FlY3(TsQl)__ 
Add(l-3)06TsCr3 
OT< " ) 
C(0-20)Cr3 
C"( " ) " 

C(21-23)FT 

c( " )" 

KEQ1F107 

ExQl 

(C2l9C2a®C23) CpfsHtQ106O3 

( )Cp 

(F1G0)Q2 

(PiaSP13P 14Ia )FlG0(g2TO^06)Pr3 

( rr ~~) 

(P13$ P14Ia) 

< " — 5 

(P14gKa) 

P(0~il)Pr3 
H " ) " 

(P12P13P14)Q2F1 

B«C(21-23)OT(06O 103040 605Q1) 

T4EndInr 

Sc 

T3lntEndG0 __-«— 

(Pl»14Ia)FlG0(55040506)Sxp 

(PUffiU) 

/ "IT v ii 

P(0-ll)Sxp 

T( •• ) " 

EndGOTsm(Tr+Tp) 
M(0-23)Cxm 
TrCxm 
CpTrQRW2 



Initiate P register increment 
Last cycle 



Recirculate A 



Recirculate B 



Recirculate C 

Adder input (0) 
Adder input (C) 

Carry logic 

Check parity 



P + 1 -»P 



T7 thru TO 



11 thru TO 



T7 thru TO 

T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 



T7 thru T3 



Don*t skip if B-(M) T7 thru TO 
Clear S 



P13,14 contains PI, P2 at T3 
P + 1 ->S 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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SKB 3 



*Xx 

Tp rAOO 
rBOO 
aCp 

rF(l,2) 
8F3 
Oc 
s02 



Ml 

Tr(FlF3) (Efote) 

TpKndGO 

M24C*ngtfeTp 
TpBadSE 

TpSk __ 
TpEndSk 
Oc 



rO(l,3,4,5,6) • Oc 



Initiate parity 
00 next if sE 
07 next if Sk 



NOP (20) 
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SKB 4 



07 T8 


sla 


» Sk07T8Qj£r) 


Initiate P register increment 






End 


- F1F2 


Last cycle 




T7 


Ar3 
sA(0-2) 


- (01020"304)Q1 
■ A(21-23)AHrAr3 








rA( " ) 
sA(3-23) 


= X( " ) " 
- A(0-20)Ar3 


Recirculate A T7 thru 


TO 




rA( " ) 


- A( » ) » 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


. B( " ) 
« B(0-20)Ar3 


Recirculate B T7 thru 


TO 




rB( " ) 


«~B( " ) " 








Pr3 


- (F1G0)Q2 








sPO 


- (P129? 13P14Ia)FlGO (020^0506) Pr3 








rPO 


- C " ) 








sPl 


« (P13^14la) " 








rPl 


m ( » ) 








sP2 


- (PH«a) 


P + 1 -> P T7 thru 


T3 




rP2 


( H ) 








sP(3-14) 


- P(0-ll)Pr3 








rP( » ) • 
rla 


-~P( " ) '• 








« (Pl2Pl3Pl4)Q2Fl 




T4 


Sc 


» T4EndInr 








rS(l-14) 


- Sc 


Clear S 




T3 


Sxp 
sSl 
rSl 


« T3IntEndG0 


P13, P14 contain PI, P2 at T3 






« (P13$P14la)F100(O^O506)Sxp 
- ( " ) 






sS2 


- (Pl^fca) " 


P + 1 ->S 






rS2 


— / — rr "A it 








flS(3-14) 


- P(0-ll)Sxp 








rS( " ) 


«T( " ) »' 






TO 


rSk 
rCp 


- 07TO 

- fJTOHtKO(F103JiW6)g2 






Tr 


Cxra 


m EndQOTsm(Tr+Tp) 








sC(0-23) 


• M(0-23.)Gxni 


M -> C (Fetch next instruction) 






rC( " ) , 


■ TrCaon 


Tr thru 


Tp 




rla 


- TrFl 








rlx 


- Tr(FTH)(5>Ht) 






Tp 


rAOO 
rBOO 


* TpEndOO 
- ( " 1 








sCp 


- M24Cx»HtTsTp 


Initiate parity check 






rF(l-3) 


■ TpEndSIc 


00 next clock (T8) 






Oc 


- ( M ) 


* * 






»02 


■ Oc* 








rO(l,3,4,5,6) 


- Oc 


NOP (20) -+0 
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SKN 1 



SKN 



Skip if M Negative 



M^O; P + 1 -*P 
M<0; P + 2 -»P 



2 Cycles 

3 Cycles 



00 



T8 


rCz 


« 0OT8 




six 


= 0OT8C1GO 




Oxc 


« (0OT8IaGO)C2" 




sO(l,3,4,5,6) 


» C(3,5,6,7,8)Oxc 




r02 


- c£oxc 


•T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


=» A(21-23)AnrAr3 




rA( " ) 


« X( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( " ) 


» A( " ) " 




sB(0-2) 


» B(21-23)BnrAr3 




rB( " ) 


- B( " ) 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


= B( " ) " 




Cr3 


■ FlF2(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Add*( " ) 




sC(3-23) 


« C(0-20)Cr3 




rC( " ) 


- 7?( " ) " 




Xz(l-3) 


- Xn(l-3)0O-Ix 




Xz"( » ) 


« Xn( " )0Olx+Ix 




Yz(l-3) 


= C(21-23)CTf 




Yz( " ) 

sCz 4 


« C( " J '■ 
« KzQlT0^7 




rCz 


- KzQl 




sCp 


- (C21$C22$C23)CpTsHtQlFlF2 




rCp 


» ( " )Cp 


T4 


Sc 


« T4FlF2lnr 




rS(l-U) 


« Sc 


T3 


Sxc 


- T3FlF2Ju 




SS(1 K 2) 


= Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


= flTO 


Tr 


Cxm 


« Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


■ TrCxm 




sHt 
rlx 


« CpT^CJkogl 

« Tr(FlF3)(G0Ht) 




rKO 


=> G0TrF2 


Tp 


sCp 


« M24CxmHtTsTp 




sFl 


« (TpIa0O)OlO4 




sF2 


- ( " )0301 



Initialize carry 
Initialize indexing 

Instruction -» 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -»C (Add«Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X'lx -> S 

M -» C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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SKN 2 



06 T8 sla 
End 

T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

80(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l~3) 

Yz_(l-3) 

Yz( » ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

T4 Sc 

rS(l-14) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 

sS(3-14) 
rS( " ) 

Tr Cxm 

sC(0-23) 
rC( " ) 
sHt 



T8FlF3(fj^5) 

F 1F2 

(01026304)Q1 

A(21-23)AnrAr3 

A( " ) " 

A(0-20)Ar3 

A( " ) " 

B (21-23) BnrAr3 

B( " ) 

B(0-20)Ar3 

BP J » 

FlF3(TsQl)_ 

Add(l-3)06TsCr3 

Add( " ) 

C(0-20)Cr3 

C(_ " ) " 

Ix 

£(21-23)W 

C( » ) » 

KzQIFlp 

KzQl 

(C2]@C223£23) CpTsHtQ106O3 
( " )Cp 

(F1G0)Q2 



Initiate P register increment 
Last cycle 



- (P12©P13Pl4Ia)FlGO(0202i0506)Pr3 

. ( n ) 

- (P13^14Ia) 

- c "—-) 

- (P14»a) 

- ( "*"") 

- P(0-ll)Pr3 
- T( " ) " 

- (P12P13P14)Q2F1 
=a T4EndInr 

» Sc 

■ T3IntEndG0 



(P13©P14la)FlG0(0502iO506)Sxp 

( n— ) 

(P14ffita) 
( n ~) 
P(0-ll)Sxp 
T( » ) " 
EndGOTsm(Tr+Tp) 
M(0-23)Cxm 
TrCxm _ 
CpTB@KOp 



Recirculate A 
Recirculate B 

Recirculate C 

Adder input (0) 
Adder input (C) 

Carry logic 

Check parity 



P + 1 -»P 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru Ti 



T7 thru T3 



Clear S 



P13, P14 contain PI, P2 at T3 
P + 1 -»S 



M -» C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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SKN 3 





rla 




- TrFl 






rlx 




» Tr($Tf3) {Wat) 






sSk 




- OlO3550605D6Tr(G0Ix) 


Sk if M < 


Tp 


rAOO 
rBOO 




■ TpEndGO 

- C " ) 






sCp 




- M24CxmfftTsTp 


Initiate parity 




rF(l,2) 




■ TpEndSIc 


00 next if Sic 




sF3 




« TpSk 


07 next if Sk 




Oc 




* TpEndSTc 






s02 




• Oc 






rO(l,3,4,5, 


6) 


» Oc 


NOP (20) -»0 
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SKN 4 



07 T8 sla 

End 
T7 Ar3 

»A(0-2) 

rA( " ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( " > 

sB(3-23) 

rB( " ) 

Pr3 

sPO 

rPO 

API 

rPl 

aP2 

rP2 

sp(3-14) 

rP( »• ) 

rla 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

rSl 

sS2 

rS2 

s8<3-l4) 

rS( " ) 
TO rSk 

rCp 
Tr Own 

sC(0-23) 

rC( " ) 

rla 

rlx 
Tp rAOO 

rBOO 

sGp 

rP(l-3) 

Oc 

«02 

rO(l,3,4,5,6) 



« Sk07i;80© 

- F 1F2 

« (O1O203O4)Q1 

- A(21-23)BTrAr3 
-X( " ) 

- A(0-20)Ar3 

- X( " ) " 
-JB(21-23)BnrAr3 

- B( " ) " 

- B(0-20)Ar3 
«¥( " ) " 

- (F1G0)Q2 

- (P129P13P14la)FlGO(O2O2505O6)Pr3 
. < " ) » 

- (P13S?14Ia) " 

- ( " ) 

- (PI4gU) 

- r^i 

m p(0-ll)Pr3 

-T( M ) •• 

- (K5H5PI^)Q2P1 
• T4EndInr 

«■ Sc 

- T3IntEndGO ^_ 

- (P139Pl4la)P100(02oSo506)Sxp 



Initiate P register increment 
Last cycle 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



P "+ i -+ P 



T7 thru T3 



- ( 



") 



<PU6&a) 



Clear S 



P13, P14 contain PI, P2 at T3 
P + 1 -*S 



) 



P(0-ll)Sxp 

T( " ) ■'■ 

07TO 

fisTOHtKD (F 103JJ4JJ6) Jl 

EndOOTsm(Tr-hTp) 

M(0-23)Cxm 

TrCm 

Tr Pl 

Tr(FlF3)(55Ht) 

TpEndOO 

< n 1— 

H24Gx»HtTsTp 
TpEndSK 

( " ) 

Oc 

Oc 



M -> C (Fetch next instruction) 

Tr thru Tp 



Initiate parity check 
00 next clock (T8) 



NOP (20) -+0 
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SUB 1 



*4 


SUB 


Subtract 


00 T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




sO(l,3,4,.5,6) 
r02 


■ £(3,5,6,7, 8) Oxc 
• C40xc 


T7 


Ar3 


« (01020304^91 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


- ft '• ) » 




sA(3-23) 


- A(0-20)Ar3 




rA( « ) 


- A( » ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


- B( " J) » 




Cr3 


- FlF2(TsQl) 




sC(0-2) 


- Add(l-3)0OJuTsCr3 




rC( " ) 


- Idd( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


• C*( " ) " 




Xz(l-3) 


- Xn(l-3)#0tfx 




3S( " ) 


«3n( " )0Olx+Tx" 




Yz(l-3) 


« C(21-23)J7 




Yz( " ) 


- KzQlTO07 




sCz 




rCz 


- KzQl 




sCp 


- (C21®C22©D23)C^TaatQlFlF2 




rCp 


« ( M )Cp " 


T4 


Sc 


» T4FlF2Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


- T3F1F2JU 




sS(l,2) 


« Add (2,3) Sxc 




aS (3-14) 


» C(0-ll)Sxc 


TO 


rCz 


■ fIto 


Tr 


Cxm 


* Ju0OTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


- TrCxra 




sCz 


» (Tr0O) ([040506) 




sHt 


- wcHIS) (Shit) 




rlx 




rKO 


- G0TrF2 


Tp 


sCp 


- M24CxmIttfaTp 




sFl 


» (TpTa*0O)O3O4 




sF2 


- ( " )03<55 



A.- (M) -»A 



Initial lea carry 
Initialize Indexing 

Inet ruction -»0 



Recirculate A 



Recirculate B 



2 Cycles 



T7 thru TO 



T7 thru TO 



0+X*IX'-*C (Add-#z+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C**«Ix -*S 

M -► C (Fetch Operand) Tr thru Tp 

Set carry for two's complement 
Parity error 

Initiate parity 
06 next clock (T8) 



125 



SUB 2 



06 T8 



T7 



T4 



T3 



Anr 

Ck 

sC(0-23) 

rC( " ) 

sla 

End 

Ar3 

sA(0-2) 



rA( 



sA(3-23) 



rA( 
sB(0-2) 



rB( 



sB(3-23) 
rB( » ) 
Cr3 

sC(0-2) 
rC( » ) 
sC(3-23) 



rC( 
Xz(l-3) 



Xz( 



) 



) 



) 



) 



) 



Yz(l-3) 

Yi( " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3-14) 

rS( " ) 



» 0102030406 _ __ 
» (0601020304) 06T8Ts 

- C(0-23)Ck 

- C( * 

- T8F1F3CT 
= F 1F2 

- (01020l04)Ql 

- Add(l-3)(Olo2O3O406)Ar3 

- Add( " )( " ) " 

- A(0-20)Ar3 

- X( " ) ^__ 

■ B(21-23)BnrAr3 
-B"( " ) 

- B(0-20)Ar3 

- "B (j; _) " 

= FlF3(TsQl)__ 
= Add(l-3)06TsCr3 
= Add( " ) 

- C(0-20)Cr3 
= "C"( " ) " 

- A(21-23)06O2O4 
-T( " ) " 

« C(21-23)W 
-TT( " )" 

- KzQlFl^T 

- KzQl 

= (C210C2a9C23)CpTsHtQ106O3 

- ( " )C P 

= (F1G0)Q2 _ 



= (P12$P13P14Ia)FlG0 (02040506) Pr3 

= ( n ) 

- (P13®P14Ia) 
. ( — n ) 

= (P14©La) 

= P(0-ll)Pr3 
=> ¥( " ) " 

- (Pl2Pl3Pl4)Q2Fl 
■ T4EndInr 
« Sc 

- T3IntEndG0 



- (P13SP14Ia)FlGO (02040506) Sxp 

- ( n ) 

- (P14®La) 

- ( rr ~) 

- £(0-11) Sxp 
« P( " ) " 



Invert C 

Initiate P register increment 
Last cycle 



A + C + 1 -*A 
A - (M) ->A 



Recirculate B 

A + C" + 1 -* C 

Adder input (A) 
Adder input (C) 
Carry logic 
Check parity of "C 



P + 1 -* P 



Clear S 



P + 1 ->S 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru 
T7 thru TO 
T7 thru TO 



T7 thru T3 
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SUB 3 



TO 


sOf 




Ofe 


Tr 


Cxm 




sC(0-23) 




rC( " ) 




sHt 




rla 




rlx 




Xld 




Xld 


T P 


rAOO 




rBOO 




sCp 




rF(l,2) 




Oc 




s02 



» (06O lO2O3O4)TQOfe 

- AddlXzlYzl+AddlXzlYzl 

■ EndGOTsm(Tr+Tp) 

- M(0-23)Cxm 

■ TrCxm 

- CpTr©KO#2 

= TrFi_ __ 

- Tr(FlF3)(GOHt) 

* Cz(OlO"2O3O406)Tr 

- Cz ( " ) " 

■ TpEndGO 

- ( " ) 

- M24CxmHtTsTp 

■ TpEndSk 

- < " ) 

« Oc 



Overflow logic 

M -* C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Save carry 



rO(l,3,4,5,6) « Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) 
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Add i 



55 



ADD 



Add 



A + (M) 



2 Cycles 



00 T8 rCz 
six 
Oxc 

30(1,3,4,5,6) 
r02 
T7 Ar3 

sA(0-2) 
rA( » ) 
sA(3-23) 
rA( " ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
Cr3 

sC(0-2) 
rC( " ) 
sC(3-23) 
rC( " ) 
Xz(l-3) 

Xi( " ) 

Yz(l-3) 

Yz( "■) 

sCz 

rCz 

sCp 

rCp 

Sc 

rS(l-14) 

Sxc 

8S(ly2) 

sS(3-14) 
rCz 
Cxm 

sC(0-23) 
rC( " ) 
sHt 
rlx 
rKO 
Tp sCp 
sFl 
sF2 



T4 



T3 



TO 
Tr 



» 0OT8 

» 0OT8C1GO 

» (0OT8IaGO)c2 

» C(3,5,6,7,8)Oxc 

■ (iioxc 

- (01025504)Q1 

- A(21-23)AnrAr3 

- X( M ) 

- A(0-20)Ar3 

- A( " ) " 

» B (21-23) BnrAr3 

m B( " ) 

« B^(0-20)Ar3 

- B(J' J " 

- FlF2(TsQl) 

- Add(l-3)0OJuTsCr3 

- a3I( » ) 

- C(0-20)Cr3 

* 7T( " ) " 

* Xn(l-3)0O-Ix 

o Xn( " )0Olx+Ix 

- £(21-23)^7 

" c( ^_ 3 " 

- KzQlT0#7 

- KzQl 

- (C2lSC22©C23)CpTsHtQlFlFl 

- ( Jl > C P " 

- T4Flf5lnr 

" Sc — 

» T3FlFlju 

- Add(2,3)Sxc 

- C(0-ll)Sxc 

- TIto 

- Ju0OTsm(Tr+Tp) 

- M(0-23)Cxm 
» TrCxm 

« CpTi ffic o gI 

« Tr(ftF3)(55Ht) 

= GOTrF2 

- M24CxmHtTsTp 
« (TpIa0O)O3O4 

- ( " )0302 



Initialize carry 
Initialize indexing 

Instruction -» 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X»Ix ~»C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thruj£ 

Carry for Adder T7 thru tl 

Check parity T7 thru TO 
Clear S 

C + X'lx -»S 

M -> C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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ADD 2 



06 T8 Anr 

sla 

End 

T7 Ar3 



sA(0-2) 
rA( " ) 
sA(3-23) 
rA( » ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
Cr3 

sC(0-2) 
rC( " ) 
sC(3-23) 
rC( " ) 
Xz(l-3) 

*z( " ) 
Yz(l-3) 

Yz( » ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3-14) 

rS( " ) 
TO sOf 

Ofe 
Tr Cxm 

sC(0-23) 

rC( " ) 

sHt 



- O1O2O3Q406 
« T8F1F3©© 
« F 1F2 __ 

■ (01020304)Q1 

- Add(l-3)(OlO2O3O406)Ar3 

- AeTd( " ) 

- A(0-20)Ar3 

- A( " ) " 

■ B(21-23)BnrAr3 
«B"( " ) 

- B(0-20)Ar3 
«T( " _2 " 

■ FlFl(TsQl) 

= Add(l-3)06Ts*Cr3 

- xaac ,f ) 

- C(0-20)Cr3 

- TT( " ) " 

■ A(21-23)06O2O4 

-T( " ) 

- C(21-23)?7 

» T( " ) " 

= KzQIFlftT 

- KzQl 

« (C2]®C22@C23)CpTsHtQ106O3 

- ( " )Cp 
(F1G0)Q2 



Initiate P register increment 
Last cycle 



- (P1283P13P14Ia)FlG0(6l040306)Pr3 
« ( " ) 

- (P13SBP14Ia) 

- ( n ) 

= ( rr ~) 

- P(0-ll)Pr3 
- T( " ) " 

« (P12P13P14)Q2F1 
.» T4EndInr 

- Sc 

■ T3IntEndG0 

« (P13G*14la)FlGO(52535306)Sxp 

- ( n ) 

» (P14©Ea) 

- ( rr ~) 

- j»(o-ii)sxp 

■ P( " ) " 

- (06OlOTO3O4)TOOfe 

■ AddlXzlYzl+AddlXzlYzl 
» EndGOTsm(Tr+Tp) 
» M(0-23)Cxm 
a TrCxm 

■ CpTi@C0#2 



A + C ->A ■ 
A + (M) -* A 



Recirculate B 

A + C -*C 

Adder input (A) 
Adder input (C) 
Carry logic 
Check parity 



P + 1 -»P 



Clear S 



P + 1 ->S 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 
T7 thru TO 
T7 thru TO 



T7 thru T3 



Overflow logic 

M -» C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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ADD 3 



Tp 



rla 




= TrFl 


rlx 




= Tr(FlF3)(G0Ht) 


Xld 




= Cz(010"20304#6)Tr 


Xld 




= cF( ) " 


rAOO 




= TpEndGO 


rBOO 




- ( " ) 


sCp 




= M24CxtnHtTsTp 


rF(l,2) 




= TpEndSk 


Oc 




= ( " ) 


s02 




= Oc 


r0(l,3,4,5. 


,6) 


= Oc 



Save carry 



Initiate parity 
00 next clock (T8) 



NOP (20) -»0 
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sue 1 



Sue 



Subtract With Carry 



A - (M) + Carry -» A 



2 Cycles 



00 



T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




80(1,3,4,5,6) 


= C(3 / 5,6,7,8)Oxc 




r02 


» C&Oxc 


T7 


Ar3 


■ (01020304)Q1 




sA(0-2) 


■ A(21-23)AnrAr3 




rA( » ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


» B(21-23)BnrAr3 




rB(, " ) 


- B( " ) 




sB(3-23) 


» B(0-20)Ar3 




rB( " ) 


- B( " ) " 




Cr3 


« FlF2(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) " 




sC(3-23) 


- C(O-20)Cr3 




rC( " ) 


a C( " ) " 




Xz(l-3) 


= Xn(l-3)0O»Ix 




Xz( " ) 


■ ln( " )0Olx+Ix 




Yz(l-3) 


- C(21-23)^7 




Yz( " ) 


-C( ".. J " 

a KzQlTO07 




sCz 




rCz 


» KzQl 




sCp 


- (C2X$C22®C23)CpTsHtQlFlF2 




rCp 


~ ( " )Cp 


T4 


Sc 


« T4FlF2Inr 




rS(l-14) 


» Sc 


T3 


Sxc 


- T3FlF2Ju 




sS(l,2) 


« Add (2,3) Sxc 




sS(3-14) 


« C(0-ll)Sxc 


TO 


rCz 


« F1T0 


Tr 


Cxm 


• Ju0OTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


a TrCxm 




sCz 


« (Tr0O)O4O5Xwl 




sHt 


- CpTrigfcO?2 




rlx 


- Tr(FIT3)(GdHt) 




rKO 


- G0TrF2 


Tp 


sCp 


- M24CxmfftTsTp 




sFl 


- (TpIa0O)O3O4 




sF2 


» ( " )03&1 



Initialize carry 
Initialize indexing 

Instruction -* 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X*Ix -+C (Add-Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C+X»Ix -»S 

M ~» C (Fetch Operand) Tr thru Tp 

Set carry if Xwl 
Parity error 

Initiate parity 
06 next clock (T8) 
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sue 2 



06 T8 



T7 



T4 



T3 



Anr 


= 0102030406 






Ck 


= ( " )06T8Ts 






sC(0-23) 


= "C"(0-23)Ck 


Invert C 




rC( " ) 


- C( " ) " 






sla 


= T8F1F3©© 


Inititate P register 


increment 


End 


= F1F2 


Last cycle 




Ar3 


= (01020304)Q1 






sA(0-2) 


= Add(l-3)(OlO2O3O406)Ar3 






rA( " ) 


= Add( " )( " ) " 


A + ~C + Carry -> A - 




sA(3-23) 


= A(0-20)Ar3 


A - (M) + Carry -* A 


T7 thru TO 


rA( " ) 


- A( » ) » 






sB(0-2) 


= B(21-23)BnrAr3 






rB( " ) 


- B( " ) 






sB(3-23) 


= B(0-20)Ar3 


Recirculate B 


T7 thru TO 


rB( " ) 


= B( " ) " 






Cr3 


= FlF3(TsQl) 






sC(0-2) 


- Add(l-3)06TsCr3 






rC( " ) 


= Add( " ) 


A + C~ + Carry -> C 


T7 thru TO 


sC(3-23) 


- C(0-20)Cr3 






rC( " ) 


= C( " ) " 






Xz(l~3) 


= A(21-23)06O2O4 






Xz( " ) 


= A( " ) » 


Adder input (A) 


T7 thru TO 


Yz(l-3) 


= C(21-23)#7 






Yz( " ) 


= C( " ) " 


Adder input (C) 


T7 thru' 


sCz 


= K2Q1F1#7 






rCz 


- KzQl 


Carry logic 


T7 thru TO 


sCp 


= (C2]@C22©C23)CpTsHtQ106O3 


_ 




rCp 


- ( " )Cp 


Check parity of C 


T7 thru TO 


Pr3 


» (F1G0)Q2 






sPO 


= (P12®P13P14Ia)FlG0(020505O6)Pr3 




rPO 


= ( ) " 






sPl 


= (P133P14Ia) 






rPl 


, ( M ) 






sP2 


= (Pl^ELa) 


P + 1 -> P 


T7 thru T3 


rP2 


- ( " ) 






sP(3-14) 


= P(0-ll)Pr3 






rP( " ) 


= ~PY " ^ " 






rla 


= (3E>12p13p14)Q2F1 






rOf 


= (0601020304) 05Q2 


Reset Overflow 


T7 thru T3 


Sc 


= T4EndInr 






rS(l-14) 


= SC 


Clear S 




Sxp 


= T3IntEndG0 






sSl 


= (Pl3$P14la)FlG0(02040506)Sxp 




rSl 


= ( " ) 






sS2 


- (P14ffi[a) 


P + 1 -*S 




rS2 


- ( u ) 






sS(3-14) 


= P(0-ll)Sxp 






rS( " ) 


- P( " ) •■' 
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SUC 3 



TO 



Tr 



Tp 



sOf 


- (06OlO2O3O4)TOOfe 


Ofe 


« AddlXzlYzl+AddlXzlYzl 


Cxm 


= EndGOTsm(Tr+Tp) 


sC(0-23) 


- M(0-23)Cxm 


rC( " ) 


■ TrCxm 


sHt 


- CpTr@K0ft2 


rla 


= TrFl 


rlx 


- Tr(FlF3)(GOHt) 


Xld 


- Cz(OlO2O3O406)Tr 


xTd 


- Cz ( " ) " 


rAOO 


=» TpEndGO 


rBOO 


- ( " ) 


sCp 


- M24CxmHtTsTp 


rF(l,2) 


= TpEndSk 


Oc 


- ( " ) 


s02 


m Oc 


rO(l,3,4,5,6) 


SB OC 



Overflow logic 

M -* C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Save carry 



Initiate parity 
00 next clock (T8) 



NOP (20) -*0 
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ADC 1 



57 



ADC 



Add With Carry 



A + (M) + Carry ~> A 



2 Cycles 



00 T8 


rCz 


- 0OT8 


Initialize carry 






six 


» 0OT8C1GO 


Initialize indexing 






Oxc 


- (0OT8laGO)C2 








sO(l,3,4„5,6) 


= C(3,5,6,7,8)Oxc 


Instruction «♦ 






r02 


■ C&Oxc 






T7 


Ar3 

sA(0-2) 


» (01020304)Q1 
« A(21-23)AnrAr3 








rA( " ) 


- A( " ) 


Recirculate A 


T7 thru XO 




sA(3-23) 


- A(0-20)Ar3 








rA( " ) 


- A( " ) " 








sB(0-2) 


« B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


= B( " ) 
■ B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


- B( " ) " 








Cr3 


- FlF2(TsQl) 








sC(0-2) 


- Add(l-3)0OJuTsCr3 








rC( " ) 


m Add( " ) " 


GfX«Ix -*C (Add^Cz+Yz) 


T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


- C( " ) " 








Xz(l-3) 


- Xn(l-3)0O.»Ix 


Adder input if Ix (indexing) 




Xz( » ) 


-T5T( " )0oix+Tx 




T7 thru TO 




Yz(l-3) 
Yz( " ) 


■ C(21-23)Jf7 

- c( "J." 

- KzQlTO07 

■ KzQl 


Adder input C register 


T7 thru XO 




sCz 
rCz 


Carry for Adder 


T7 thru Tl 




sCp 
rCp 


- (C21@C22c9C23)CpTsHtQlFlF2 

- ( " )Cp 


Check parity 


T7 thru TO 


T4 


Sc 


■ T4FlF2Inr 








rS(l-14) 


« Sc 


Clear S 




T3 


Sxc 
sS(l,2) 


- T3F1F2JU 
■ Add(2,3)Sxc 








sS(3-14) 


» C(0-ll)Sxc 


OfX« Ix -♦ S 

• 




TO 


rCz 


« F1T0 






Tr 


Cxm 


« Ju0OTsm(Tr-FTp) 








sC(0-23) 


« M(0-23)Cxra 


M -► C (Fetch Operand) 


Tr thru Tp 




rC( " ) 


■ TrCxm 








sCz 


« (Tr0O)O4O5Xwl 


Set carry if Xwl 






sHt 


- CfcTxMp?? 


Parity error 






rlx 


- Tr(m3)(G0Ht) 








rKO 


» G0TrF2 






Tp 


sCp 
sFl 


- M24CxmfitTsTp 
« (TpIa0O)O3O4 


Initiate parity 






sF2 


» ( " )0302 


06 next clock (T8) 
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ADC 2 



06 T8 


Anr 




sla 




End 


T7 


Ar3 




sA(0-2) 




rA( » ) 




sA(3-23) 




rA( " ) 




sB(0-2) 




rB( " ) 




sB(3-23) 




rB( " ) 




Cr3 




sC(0-2) 




rC( » ) 




sC(3-23) 




rC( » ) 




Xz(l-3) 




x7( " ) 




Yz(l-3) 




Yz( » ) 




sCz 




rCz 




sCp 




rCp 




Pr3 




sPO 




rPO 




sPl 




rPl 




sP2 




rP2 




sP(3-14) 




rP( " ) 




rla 




rOf 


T4 


Sc 




rS(l~14) 


T3 


Sxp 




sSl 




rSl 




sS2 




rS2 




sS(3-14) 




rS( " ) 


TO 


sOf 




Ofe 


Tr 


Cxm 




sC(0-23) 




rC( " ) 




sHt 



O1O2O3Q406 

T8F1F30© 
F 1F2_ 

(01020304)Q1 
Add(l-3) (OlO2"O3O406)Ar3 
Add( " )( " ) " 

A(0-20)Ar3 
X( " ) " 
B(21-23)BnrAr3 
T( " ) 
JJ_(0-20)Ar3 
B(_^ J " 

FlF3(TsQl) 

Add(l-3)06TsCr3 
Add( » ) 
C(0-20)Cr3 
C"( " ) " __ 
A(21-23)06O2O4 
T( " ) 
C(21-23)f7 
~C( " ) " 
KzQIFlflt 

KzQl 

(C2]®C22©C23) CpTsHtQ106O3 
( " )Cp 
(F1G0)Q2 



Initiate P register increment 
Last cycle 



(PI 2Q*>13P14Ia)FlGO (02*0^0506) Pr3 

( n ) 
(P139P14la) 

( " ) 

(P14©La) 

C""""~ ,r ) 
P(0-ll)Pr3 
T( " ) " 
(P12P13P14)Q2F1 
(0601020304) 05Q2 
T4EndInr 

Sc 

T3IntEndG0 _^ '_ . 

(P139P14Ia)FlG0(02040506)S2cp 

— TT~ 



= ( 



) 



(P14®la) 
( n-j 

' P(0-ll)Sxp 

T{ " J> " 

(06O1O2O3O4) T00fe_ 

Add lXz lYz 1+Add lXz 1 Yz 1 
> EndGOTsm(Tr+Tp) 

M(0-23)Cxm 

TrCxm 

' CpTr@C0#2 



A + C -»A - 

A + (M) + Carry -> A 



Recirculate B 

A + C ->C 

Adder input (A) 
Adder input (C) 
Carry logic 
Check parity 



P + 1 ->P 



Reset Overflow 
Clear S 

P + 1 -»S 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 
T7 thru TO 
T7 thru TO 



T7 thru T3 



Overflow logic 

M -» C (Fetch next instruction) 

Tr thru Tp 

Parity error 
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ADC 3 



Tp 



rla 


= TrFl 


rlx 


= Tr(FlF3)(GOHt) 


Xld 


= Cz (0102030406) Tr 


xTd 


= Cz( " ) " 


rAOO 


= TpEndGO 


rBOO 


- ( " 1 


sCp 


= M24CxmHtTsTp 


rF(l,2) 


= TpEndSk 


Oc 


- ( " ) 


s02 


= Oc 



rO(l,3,4,5,6) = Oc 



Save carry 



Initiate parity 
00 next clock (T8) 



NOP (20) -»0 
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SKR 1 



60 



00 



SKR 



Reduce Memory and Skip if Negative 



T8 


rCz 


= 0OT8 




six 


- 0OT8C1GO 




Oxc 


» (0OT8IaGO)C2 




30(1,3,4,5,6) 


» C(3,5,6,7,8)Oxc 




r02 


«= "cZOxc 


T7 


Ar3 


« (01020"3o4)Ql 




sA(0-2) 


« A(21-23)AnrAr3 




rA( " ) 


= A( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


« B(21-23)BnrAr3 




rB( " ) 


= B( " ) " 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


= B( " ) " 




Cr3 


= FlF2(TsQl) 




sC(0-2) 


= Add(l-3)0OJuTsCr3 




rC( " ) 


= Add( " ) " 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


« C( " ) " 




Xz(l-3) 


= Xn(l-3)0O-Ix 




Xz( " ) 


« Xn( " )0OIx+Ix 




Yz(l-3) 


= C(21-23)#7 




Yz( " ) 
sCz 


« C( " S" 
- KzQlT0#7 




rCz 


- KzQl 




sCp 


= (C2]Qc22©C23)CpTsHtQlFlF2 




rCp 


- ( '* )c P 


T4 


Sc 


= T4FlF2Inr 




rS(l-14) 


» Sc 


T3 


Sxc 


« T3F1F2JU 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


= C(0-ll)Sxc 


TO 


rCz 


= F1T0 


Tr 


Cxra 


- Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


« TrCxm 




sHt ' 

rlx 


« CpT^KO^ 

« Tr(fTF3)(G0Ht) 




rKO 


« GOTrFT 


Tp 


sCp 


« M24CxmHtTsTp 




sFl 


= (T P n0O)OlDT 



(M) - 1 • 
(M) >0; 
(M) < 0; 



*(M) 

P + 1 -*P 
P + 2 -»P 



3 Cycles 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X* Ix -> S 

M -> C (Fetch operand) 
Parity error 



Initiate parity 
04 next clock (T8) 



T7 thru TO 



T7 thru TO 



C+X'Ix ~> C (Add=Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru TO 
T7 thru Tl 
T7 thru TO 



Tr thru Tp 
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MIN 1 



61 



MIN 



Memory Increment 



(M) + 1 -* (M) 



3 Cycles 



00 T8 



Tp 



rCz 

six 

Oxc 

sO(l,3,4,5,6) 

r02 

Ar3 

sA( 

rA( 

sA( 

rA( 

sB( 

rB( 

sB( 

rB( 

Cr3 

sC( 

rC( 

sC( 

rC( 

Xz( 

Xz( 

Yz( 

Yz"( 

sCz 

rCz 

sCp 

rCp 

Sc 

rS( 

Sxc 

sS( 

sS( 

rCz 

Cxm 

sC( 

rC( 

sCz 

sHt 

rlx 

rKO 

sCp 

sFl 



= 0OT8 

= 0OT8C1GO 

= (0OT8IaGO)C2 

= C(3,5,6,7,8)Oxc 

a C"40XC 



T7 Ar3 


a (01020~304)Q1 


sA(0-2) 


a A(21-23)AnrAr3 


rA( " ) 


- A( " ) 


sA(3-23) 


a A(0-20)Ar3 


rA( " ) 


- A( " ) " 


sB(0-2) 


a B(21-23)BnrAr3 


rB( " ) 


B B( " ) 


sB(3-23) 


- B(0-20)Ar3 


rB( " ) 


« ¥( " ) " 


Cr3 


- FlF2(TsQl) 


sC(0-2) 


- Add(l-3)0OJuTsCr3 


rC( " ) 


= Add( " ) 


sC(3-23) 


= C(0-20)Cr3 


rC( " ) 


- C( " ) " 


Xz(l-3) 


» Xn(l-3)0O'Ix 


xi"( " ) 


a Xn( " )0OIx+Ix 


Yz(l-3) 


= C(21-23)W 


YF( »■ ) 


= C( " ) " 


sCz 


= KzQlT0^7 


rCz 


= KzQl 


sCp 


- (C21@C22SC23)CpTsHtQlFlF 


rCp 


= ( " )Cp 


T4 Sc 


= T4FlF2Inr 


rS(l-14) 


a Sc 


T3 Sxc 


a T3FlF2Ju 


sS(l,2) 


a Add(2 ; 3)Sxc 


sS(3-14) 


= C(0-ll)Sxc 


TO rCz 


a FlTO 


Tr Cxm 


= Ju0OTsm(Tr+Tp) 


sC(0-23) 


= M(0-23)Cxm 


rC( » ) 


- TrCxm 


sCz 


« (Tr0O)6~5O5O6 


sHt 


a CpTi@K0^2 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



Tr(FIF3) (GOHt) 

a GOTrF2 

a M24CxmHtfsTp 
= (TpIa0O)OlO4 



C+X'Ix -» C (Add=Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X-Ix ->S 



M -» C (Fetch operand) Tr thru Tp 

Initiate increment C 
Parity error 



Initiate parity 
04 next clock (T8) 
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M1N 2 



04 



T8 


rC24 


" T8(TsTsr) 


Initialize parity 


generation 




sla 


■ fifIQ© 


Initialize P register 


increment 




Mxc 


■ 04Tsm 






T8 thru Tp 


T7 


Ar3 
sA(0-2) 

rA( " ) 


■ (010203042Q1 

- A(21-23)AnrAr3 

- A( " ) " 










sA(3-23) 


« A(0-20)Ar3 


Recirculate A 




T7 thru TO 




rA( » ) 


- A( " ) " 










sB(0-2) 


= B(21-23)BnrAr3 










rB( " ) 


«"B( » ) " 










sB(3-23) 


- B(0-20)Ar3 


Recirculate B 




T7 thru TO 




rB( " ) 


»"B( " ) " 










sCp 
rCp 


- (C21@C22©C23)CpTsHtQ104Ol 

- ( " )Cp 


Parity check 




T7 thru TO 




Cr3 


- FlF3(TsQl) 










sC(0-2) 


» Add(l-3)04OlO5TsCr3 










rC( n ) 


- Add( " ) " 










sC(3-23) 


- C(0-20)Cr3 


C + 1 -*M 




T7 thru TO 




rC( " ) 


- C( " ) " 










Xi(l-3) 


- 04050 6Ix 


Adder input (0's) 








Yz(l-3) 


- C(21-23)#7 






T7 thru TO 




Yi"( " ) 


- C( " ) " 


Adder input (C) 








sCz 


- KzQlFl^T 










rCz 


- KzQl 


Carry logic 




T7 thru TO 




Pr3 
sPO 


- (F1G0)Q2 










■ (P13^>13P14Ia)FlGO(0l0^0506)Pr3 






rPO 


- ( ) 










sPl 


■ (P13®P14Ia) " 










rPl 


- ( " ) 










sP2 


= (P14©Ea) " 


P + 1 -»P 




T7 thru T3 




rP2 


- ( " > 










sP(3-14) 


- P(0-ll)Pr3 










rP( " ) 


- P( " ) " 










rla 


- (P12P13P14)Q2Fl 








T6 


sC24 


- (C09ClSC2)C24(TsTsr)(Q3+Q5) 










rC24 


- ( " )C24( " )( " ) 


Generate parity 




T6 thru Tr 


T3 


rM(0~24) 


a T3 


Clear M 






TO 


sOf 


« OfeTO04OlO5Ts 










Ofe 


- AddlXzlYzl-MddlXzlYzl 


Overflow logic 






Tr 


sHt 
rla 
rKO 


- CpTi@KD^2 
m TrFl 

- TrG0F2 


Parity error 






Tp 


sF(l-3) 
sM(0-24) 


m Tp04 

« C(0-24)MxcTp 


07 next clock (T8) 








rM( " ) 


» C"( " ) " 


C -»M (Store operand) 
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MIN 3 



07 T8 


End 


- F1F2 




La*t cycle 


T7 


Ar3 
sA(0-2) 


- (01020504)0.1 

- A(21-23)AnrAr3 








FA( » ) 
8A(3-23) 


- A( " ) 

- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( » ) 


- A( " ) - 








sB(0-2) 


- B(21-23)BnrAr3 








rB( •' ) 
sB(3-23) 


. B( " ) 
- B(0-20)Ar3 




Recirculate B T7 thtfu TO 




rB( •« ) 


-1( " ) " 








Pr3 


- F1G0Q2 








sP(0-2) 


- P(12-14)IaFlGO(0TB23506)PT3 






rP( " ) 

sP(3-14) 


-?( " ) ' " ( 

- F(0-ll)Pr3 


it \ it 


Recirculate F T7 thru T3 




rP( " ) 


m J( » ) » 






T4 


Sc 


» T4EndInr 








rS(l~14) 


m SC 




Clear 8 


T3 


Sxp 


• T3lntEndG0 mi ^ 








8S(1,2) 
rS( U ) 
sS(3-14) 


- P(13,14)|aFlGO(55B2id306)Sxp 

«T( " ) " ( " ) H 

- P(0-ll)Sxp 


P(13,14) contains P(X,2) at T3 
P -> 8 




rS( " ) 


-?( " ) " 






TO 


rSk 


- 07TO 






Tr 


Cxm 


m EndOOfsmCTr+Tp) 




M -» C (Fetch next instruction) 




sC(0-23) 


« M(0-23)Cxm 




Tr thru Tp 


* 


rC( " ) 
rla 

rlx 


- TrCxm 

« FITx ^ 

- Tr(flF3)(00Ht) 






Tp 


rAOO 
rBOO 


- TpEndGO 

- TpEndGO 








sCp 


- M24C*oHtTsTp 




. Initiate parity 




rF(l~3) 


« TpEndSk 




00 next 




Oc 


■ TpEndSk 








s02 


- Oc 




MOP (20) -*0 




rO(l,3,4,5,< 


S) - Oc 
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XMA 1 



62 



XMA 



Exchange A and Memory 



A <-» (M) 



3 Cycles 



00 T8 


rCz 


« 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




sO(l,3,4,5,6) 


■ C(3,5,6,7,8)Oxc 




r02 


■ C2i0xc 


T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


- B( " 5." 




Cr3 


- F1f5(TsQ1) 




sC(0-2) 


- Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


m "C"( " ) " 




Xz(l-3) 


- Xn(l-3)0O-Ix 




XT( " ) 


- "3CT( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)(J7 




Yz( » ) 
sCz 


" c*C " J." 

« KzQlT0?7 




rCz 


- KzQl 




sCp 


- (C2]@C22®C23)CpTsHtQlFlF2 




rCp 


- ( JL )cp " 


T4 


Sc 


« T4FlF2Inr 




rS(l-14) 


« Sc 


T3 


Sxc 


» T3FlF5ju 




bS(1,2) 


- Add(2 > 3)Sxc 




sS(3-14) 


* C(0-ll)Sxc 


TO 


rCz 


- FlTO 


Tr 


Cxm 


- Ju0OTsra(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


■» TrCxm 




sHt 
rlx 


- CpT^gJKO^ 

- Tr(FlF3)(G0Ht) 




rKO 


- GOTrFT 


Tp 


sCp 


- M24CxxnfftTsTp 




sFl 


- (TpIa0O)OloS 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



T7 thru TC 



T7 thru TC 



C+X*Ix -»C (Add-Xz+Yz) T7 thru TC 

Adder input (XIx) T7 thru TC 

Adder input (C) T7 thru TC 

Carry logic T7 thru tl 

Check parity T7 thru TC 
Clear S 

C + X* Ix -» S 

M -> C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 
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XMA 2 



04 T8 


Anr 
rC24 


- 040105515 






» T8(Tsf"sr) 


Initialize parity generation 




sla 


« FlF3<0fc) 


Initialize P register increment 




Mxc 


« 04fsm 


T8 thru Tp 


T7 


Ar3 


a (01020"304)Q1 






sA(0-2) 


- C(21-23)04OlO5O~5Ar3 






rA( " ) 


- C( " ) 






sA(3-23) 


= A(0-20)Ar3 


C -»A T7 thru TO 




rA( " ) 


= r< " ) " 






sB(0-2) 


= B(21-23)BnrAr3 






rB( " ) 


= B( " ) 






sB(3-23) 


= B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( » ) 


= "B~( " ) " 






sCp 


= (C21SC22$C23)C P TsHtQ104Ol 






rCp 


- ( " )Cp 


Parity check T7 thru TO 




Cr3 


- FlF3(TsQl) 






sC(0-2) 


- A( 21-23)04010505 






rC( " ) 


■ A( " ) 


A -> C T7 thru TO 




sC(3-23) 


= C(0-20)Cr3 






rC( " ) 


= C"( " ) " 






Pr3 
sPO 


- (F1G0)Q2 






- (P12^>13P14la)FlGO(0202t0506)Pr3 






rPO 


- ( h ) 






sPl 


= (Pl3S*14la) 






rPl 


= ( " ) 






sP2 


= (P14$Ea) 


P + 1 -*P T7 thru T3 




rP2 


- < " ) 






sP(3-14) 


= P(0-ll)Pr3 






rP( " ) 
ria 


= P( " ) " 






= (P12P13P14)Q2F1 




T6 


sC24 


= (C0©Cl£C2)C24(TsTsr)(Q3+Q5) 






rC24 


=* ( " )C24( " )( " ) 


Generate parity T6 thru Tr 


T3 


rM(0-24) 


= T3 


Clear M 


Tr 


sHt 


= CpTr@kO02 


Parity error 




ria 


- TrFl 






rKO 


» TrG0F2 




Tp 


sF(l-3) 


- Tp04 


07 next clock (T8) 




sM(0-24) 


= C(0-24)MxcTp 






rM( » ) 


= "C~( " ) " 


C ->M (Store operand) 
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XMA.3 



07 T8 


End 


- F1F2 




Last cycle 


T7 


Ar3 
sA(0-2) 


- (010203042^1 

- A(21-23)AnrAr3 








rA( •• ) 


-A< " ) " 




Recirculate A T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 








rA( » ) 


- A( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( » ) 


- B( " ) 




Recirculate B T7 thru TO 




sB(3-23) 


- B(0-20)Ar3 








rB( " ) 


- B( '» ) " 








Pr3 


- F1G0Q2 -rw-^_ 








sP(0-2) 


- P(12-14)IaFlGO(0202i0506)Pr3 






rP( " ) 


«P( " ) " ( 


it \ ii 


Recirculate P T7 thru T3 




sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


- P( " ) " 






T4 


Sc 


- T4EndInr 








rS(l-14) 


= Sc 




Clear S 


T3 


Sxp 


- T3IntEndG0 








sS(l,2) 
rS( " ) 
sS(3-14) 


» P(13 > 14)IaFlG0(02 r 0^O506)Sxp 
-£("). " ( " ) " 

- P(0-ll)Sxp 


P(13,14) contains P(l,2) at T3 
P -+S 




rS( " ) 


- P( "■ ) " 






TO 


rSk 


- 07TO 






Tr 


Cxm 


« EndGOTsm(Tr+Tp) 




M -* C (Fetch next instruction) 




sC(0-23) 


- M(0-23)Cxm 




Tr thru Tp 




rC( " ) 


■» TrCxm 








rla 
rlx 


- Tr(FlF3)(G0Ht) 






Tp 


rAOO 
rBOO 


- TpEndGO 

- TpEndGO 








sCp 


- M24CxmHtTsTp 




Initiate parity 




rF(l-3) 


* TpEndSTc 




00 next 




Oc 


« TpEndSF 








s02 


- Oc 




NOP (20) ->0 




rO(l,3,4,5,6) 


•> Oc 
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ADM 1 



63 



ADM 



Add A to (M) and Store in (M) 



A + (M) -» (M) 



3 Cycles 



00 T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


* (0OT8IaGO)C2 




sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


- C2f0xc 


T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( » ) 


« A( " ) " 




sB(0-2) 


» B(21-23)BnrAr3 




rB( " ) 


- B( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( » ) 


- B( " ) " 




Cr3 


« FIF2(TsQ1) 




sC(0-2) 


m Add(l-3)0OJuTsCr3 




rC( " ) 


= Add( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- C( " ) " 




Xz(l-3) 


■ Xn(l-3)0O-Ix 




Xz"( » ) 


=» Xn( " )0Olx+ix 




Yz(l-3) 


» C(21-23)#7 




Yz( » ) 
sCz 


- C( " J_" 

- KzQlT0#7 




rCz 


- KzQl 




sCp 


- (C2]@C22©C23)CpTsHtQlFl 




rCp 


= ( " )Cp 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


» Sc 


T3 


Sxc 


« T3F1F2JU 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


■ C(0-ll)Sxc 


TO 


rCz 


- fIto 


Tr 


Cxm 


= Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


= TrCxm 




sHt 
rlx 


=» CpTjEfeoff? 

- Tr(FlF3)(30Ht) 




rKO 


= GOTrtT 


Tp 


sCp 


= M24CxmStTsTp 




sFl 


- (TpIa0O)OlO? 



Initialize indexing 
Instruction -+ 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X'Ix ->C (Add«Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru T(i 
T7 thru Tl 
T7 thru TO 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X* Ix -» S 



M -> C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 



146 



ADM 2 



04 T8 


rC24 


- T8(TsTsr) 


Initialize parity generation 




sla 


B3 FlF3(I1Kr' 


Initialize P register 


increment 




Mxc 


a 04TsnT 




T8 thru Tp 


T7 


Ar3 
sA(0-2) 


- (01020"304)Q1 
■ A(21~23)AnrAr3 








rA( " ) 
sA(3-23) 


-T( " ) " 
- A(0-20)Ar3 


Recirculate A 


T7 thru TO 




rA( » ) 


- A( " ) " 








sB(0~2) 


- B(21-23)BnrAr3 








rB( " ) 
sB(3~23) 


a B"( " ) " 

a B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


-TT( " ) " 








sCp 
rCp 


» (C23@C22cBC23)CpTsHtQ104Ol 
a ( » )C P 


Parity check 


T7 thru TO 




Cr3 


- FlF3(TsQl) 








sC(0-2) 


- Add(l-3)04OlO6TsCr3 








rC( " ) 


- Add( " ) " 








sC(3~23) 


« C(0~20)Cr3 


A + M -+M 


T7 thru TO 




rC( " ) 


- TT( " ) " 








Xz(l-3) 
Xi( " ) 


= A(21-23)04O5 
- A( " ) " 


Adder input (A) 


T7 thru TO 




Yz(l-3) 
Yi( " ) 


- C(21-23)fl7 

- C"( » ) " 


Adder input (C) 


T7 thru TO 




sCz 


- KzQIFlftT" 








rCz 


« KzQl 


Carry logic 


T7 thru TO 




Pr3 
sPO 


- (F1(X»Q2 








- (Pl2©P13P14Ia)FlGO(026£0506)Pr3 






rPO 


- ( ) 








sPl 


- (Pl3©P14Ia) " 








rPl 


- ( . " ) 








sP2 


-■ (P14©:a) 


P + 1 -»P 


T7 thru T3 




rP2 


- ( " ) 








sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


- F( " ) " 








rla 
sC24 


a (P12P13PU)Q2F^ 






T6 


- (C09C]@C2)C22h(TsTsr)(Q3+Q5) 






rC24 


a ( » )C24( " )( " ) 


Generate parity 


T6 thru Tr 


T3 


rM(0-24) 


- T3 


Clear M 




TO 


sOf 
Ofe 


= OfeTO04O5 

a AddlXz lYz 1+AddlXz lYz 1 


Overflow logic 




Tr 


sHt 
rla 
rKO 


a CpTr@KO"02" 
a TrFl 
a TrGdJZ 


Parity error 




Tp 


sF(l~3) 
sM(0-24) 


a Tp04 

a C(0-24)MxcTp 


07 next clock (T8) 






rM( " ) 


a C( » ) " 


C ->M (Store operand) 
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ADM 3 



07 T8 End 
T7 Ar3 

sA(0-2) 

FA( " ) 

bA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Pr3 

sP(0-2) 

rP( " ) 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sS(l,2) 

rS( M ) 

sS(3-14) 

rS( " ) 
TO rSk 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 
Tp rAOO 

rBOO 

sCp 

rF(l-3) 

Oc 

s02 

rO(l,3,4,5,6) 



P1F2 

(Q1Q20504)Q1 

A(21-23)AnrAr3 

A( " ) " 

A(0-20)Ar3 

A( » ) ^ 

B(21-23)BnrAr3 

B( " ) 

B(0-20)Ar3 

B( » ) » 

F1GOQ2 

P(12-14)IaFlG0(55S2!S506)Pr3 

P( « ) « ( " ) •« 

P(0-ll)Pr3 

P( " ) " 

T4EndInr 

Sc 

T3IntEndGO __ , ■ 
P(13,14)IaFlGO(S5o40506)Sxp 



P*( " ) " ( 
P(0-ll)Sxp 
T( " ) " 

07TO 

EndGOTsm(Tr+Tp) 

M(0-23)Cxm 

TrCxm 

FITi 9m 

Tr (FlF3) (GOHt) 
TpEndGO 

TpEndGO 

M24CxmHtTsTp 

TpEndSk 

TpEndSk 

Oc 

Oc 



) 



Last cycle 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Recirculate P 



Clear S 



T7 thru T3 



P(13,14) contains P(l,2) at T3 
P -*S 



M -* C (Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next 

NOP (20) ->0 



148 



MUL 1 



64 


MUL 


Multiply 


00 T8 


rCz 


« 0OT8 




six 


- 0OT8C1GO 




Oxc 


» (0OT8IaGO)C2 




80(1,3,4,5,6) 


« C(3, 5,6,7, 8)0xc 




r02 


* CftOxc 


T7 


Ar3 


• (01025304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( " ) 


- A< " ) " 




Bnr 


m (0003040506) 




rB( " ) 


- ( " ) 




sB(3-23) 


■ B(0-20)Ar3 




rB( " ) 


m B( ■» Jl " 




Cr3 


- flF2(TsQl) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) M 




sC(3-23) 


■ C(0-20)Cr3 




rC( " ) 


A 7T( " ) " 




Xz(l-3) 


« Xn(l-3)0O«Ix 




Xz"( " ) 


- 15T( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)07 




Yz"( " ) 


" "^ " J." 
* KzQlTOflT" 




sCz 




rCz 


< m KzQl 




sCp 


- (C21©C22GBC23)CpTsHtQlFlF2 




rCp 


- ( " )Cp " 


T4 


Sc 


• T4FlF2Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


- T3flF2Ju 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


■ C(0-ll)Sxc 


TO 


rCz 


- fIto 


Tr 


Cxra 


- Ju0OTsra(Tr-fTp) 




sC(0~23) 


• M(0-23)Cxm 


% 


rC( " ) 


« TrCxm 




sHt 
rlx 


- CpTjgK6g^ 
■ Tr(PTF3)(S5Ht) 




rKO 


• GOTrF? 


Tp 


sCp 


■ M24Cxm3t¥sTp 




sF2 


- (TpIa0O)O4O5O6 




sF3 


- ( " )0304 




sKO 


- ( " )030406 



A-(M) 



4 Cycles 



Initialize indexing 
Instruction -> 

Recirculate A 

->B 



T7 thru TO 



T7 thru TO 



C+X-Ix ->C (Add-Xz+Yz) T7 thru TO 

Adder input (X»Ix) T7 thru TO 

Adder input (C) T7 thru TO 

Carry logic T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X- Ix -> S 

M -* C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
03 next clock (T8) 

Hold Computer in "1 bit per clock" 
mode 
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MUL 2 



03 T8 



Arl 

sAO 

rAO 

sA(l,2) 

rA( » ) 

sA(3-22) 

rA( " ) 

sA23 

rA23 

Brl 

Rsa 

sBOO 



« F2F305C : SKO 
= B2305Arl 
= B23 " 

- A(0,l)5?Arl 
-T( " ) " 

« A(2-21)Arl 
= T( " ) " 
* A220oArl 

- A22 " 

- (F2F3635fcK0)A"23 



Shift A right 1 bit - bring in first 
product bit: (always 0) 



- ( 

= RsaCO 



)A23 



Shift B right if AT3 

Shift B right and add C if A23 

BOO ■ CO after the first Rsa 



Rsa causes the B register to shift right 1 bit and then be added in parrallel octates 
with the C register, the results occuring in B # One bit (B23) is shifted into A 
and represents one product bit. 

Brl causes the B register to shift right 1 bit. B23 is shifted into A and represents 
one product bit. 



T7 < 


prefer 03 T8] 


) generates 


B(22) 


from A(22) 


T6 < 




ii ^ 


i " 


B(21) 




' A(21) 


T5 ( 




ii ' 


i " 


B(20) 




1 A(20) 


T4 < 




ii - 


i " 


B(19) 




' A(19) 


T3 ( 




ii ^ 


i " 


B(18) 




' A(18) 


T2 < 




ii > 


i " 


B(17) 




' A(17) 


Tl < 




ii ^ 


i " 


B(16) 




' A(16) 


TO ( 




ii > 


i " 


B(15) 




' A(15) 


Tr ( 




ii > 


i " 


B(14) 




• A(14) 


T P < 




it > 


i " 


B(13) 




* A(13) 




5Sk 




= 03O5C^Tp 






03 T8 ( 


[refe 


r 03 T8] 


) generates 


B(12) 


frc 


>m A(12) 


T7 < 




ii ■* 


i " 


B(H) 




1 A(ll) 


T6 ( 




ii > 


i ii 


B(10) 




' A(10) 


T5 ( 




ii > 


i " 


B(9) 




' A(9) 


T4 ( 




ii > 


i " 


B(8) 




' A(8) 


T3 < 




ii > 


> " 


B(7) 




' A(7) 


T2 ( 




ii > 


ii 


B(6) 




* A(6) 


Tl ( 




ii > 


i " 


B(5) 




' A(5) 


TO ( 




it > 


i " 


B(4) 




* A(4) 


Tr ( 




ii > 


ii 


B(3) 




1 A(3) 


Tp ( 




ii > 


ii 


B(2) 




' A(2) 



sFl 



TpSk 



07 next clock 
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MUL 3 



07 T8 



T7 



T6 



T4 



T3 



(refer 03 T8) 


generates B(l) from A(l) 


Anr 


- 07O~3O4O3O~F 


Bnr 


a » 


Ck 


= 07T8TI 


sC(0-23) 


= "C~(0-23)Ck 


rC( " ) 


- C( " ) " 


End 


= F1F2 


sla 


« T807SkQg) 


(refer 03 T8) 


generates B(0) from A(0) 


sBc23 


■ Rsa07Ql 


Cr3 


« 07O5TsQl 


rC(0-2) 


_ ii 


sC(3-23) 


- C(0-20)Cr3 


rC( " ) 


= *C~( " ) " 


sCp 


« (C2X$C229C23)Cp(07CT3O4O3^)'TslItQl 


rCp 


- ( " )Cp( " ) " 


rKO 


= 07Q1O~3O1 


Pr3 


- (F1G0)Q2 


sPO 


« (P12^13P14Ia)FlGO(O~m03O6)Pr3 


rPO 


- ( ) 


sPl 


= (P13®P14la) 


rPl 


= ( " ) 


sP2 


- (P14®Ea) 


rP2 


= ( " ) 


sP(3-14) 


« P(0-ll)Pr3 


rP( " ) 


- P( " ) " 


rla 


= (P12P13P14)Q2F1 


Ar3 


= (07O~3O4S3oT)TCOTp 


sA(0-2) 


- Add(l~3)(0703O4O~5O~B)Ar3 


rA( " ) 


= Add( " ) ( " ) " 


sA(3-23) 


= A(0-20)Ar3 


rA( " ) 


= X( " ) » 


Xz(l-3) 


= B(21-23)07O5OB 


Xz( " ) 


» ¥( " ) 


Yzl 


» 07RT 


Yz2 


* 07KO 


Yz3 


= 07Bc23 


7i5" 


« 07Bc23 


rBOO 


= Ar3GO 


sB(0-2) 


= A(21-23)07O3O4O5O6 


rB( " ) 


= ~K( " ) " 


sB(3-23) 


- A(0-20)Ar3 


rB( " ) 


- A( " ) " 


Sc 


= T4EndXnr 


rS(l-14) 


■ Sc 


Sxp 


= T3lntEndGO 


sS(l,2) 


» P(13,14)XlFlGO(020~40506)Sxp 


rS( " ) 


aT( " ) " ( " ) " 


sS(3-14) 


» P(0-ll)Sxp 


rS( " ) 


-T( " ) " 



Invert C 

Last cycle 

Initiate P register increment 

Rsa means AO * 1; "C + 1 - -C 

-> C T7 thru TO 

Check parity T7 thru TO 

Release-Computer from 1 bit /clock mod 



P + 1 -»P 



T7 thru T3 



B+Bc -»A (add B^s to B) T6 thru Tr 



Adder input (B) 
Adder input (Be) 



T6 thru Tr 



T6 thru Tr 



A ->B 



Clear S 



T6 thru Tr 



P(13,14) contains P(l,2) at T3 
P ~> S 
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MUL 4 



TO 
Tr 



Tp 



rSk 

Cxm 

sC(0-23) 

rC( " ) 

sHt 

rla 

rlx 

rAOO 

rBOO 

sCp 

rF(l-3) 

sOf 

Oc 

s02 



- 07TO 

- EndGOTsm(Tr+Tp) 

■ M(0-23)Cxm 
= TrCxm 

= CpTi@SC0p 
= FIT r _ 

» Tr(ITF3) (35Ht) 
= TpEndGO 

■ TpEndGO 

■ M24CxmHtTsTp 
= TpEndSF 

- (07O~3O4O~5O~6)TpAOAOO 
« TpEndgF 

« Oc 



M -» C (Fetch next instruction) 

Tr thru Tp 

Parity error 



Initiate parity 

00 next 

-1 times -1 



rO(l,3,4,5,6) - Oc 



NOP (20) -»Q 
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DIV i 



65 



00 





DIV 


Divide 


A,B/(M) -+A,B 


10 


Cycles 


T8 


rCz 


= 0OT8 










six 


« 0OT8C1GO 


Initialize indexing 








Oxc 


- (0OT8riGO)C~2~ 










sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 


Instruction -*0 








r02 


■ 550xc 








T7 


Ar3 

sA(0-2) 
rA(" ) 


- HF255Q1 

= A(21-23)AnrAr3 

= T( " ) 










sA(3-23) 


= A(0-20)Ar3 


Recirculate A 


T7 


thru TO 




rA( " ) 


= X( " ) " 










sAOO 


= AO0OT7 


Set AOO ■ Sign of A 








sB(0-2) 


- B(21-23)BnrAr3 










rB( " ) 


-"B( ■" ) " 










sB(3-23) 


- B(0-20)Ar3 


Recirculate B 


T7 


thru TO 




rB( " ) 


= ¥( " ) " 










Cr3 


« FlF2(TsQl) 










sC(0«2) 


- Add(l-3)0OJuTsCr3 










rC( " ) 


= X3H( " ) " 


C+X'Ix -»C(Add«Xz+Yz) 


T7 


thru TO 




sC(3-23) 


= C(0-20)Cr3 










rC( " ) 


- ?"( " ) " 










Xz(l-3) 


= Xn(l-3)0O«Ix 










**( " ) 


- Xn( " )0OIx+Ix 


Adder input (XIx) 


T7 


thru TO 




Yz(l-3) 


- C(21~23)ft7 










Yz( " ) 


= C( " ) " 


Adder input (C) 


T7 


thru TO 




sCz 


- KzQlfl507 










rCz 


- KzQl 


Carry logic 


T7 


thru Tl 




sCp 


= (C2]@C223C23)€pTsHtQlFll^ 










rCp 


= ( " )Cp 


Check parity 


T7 


thru TO 


T4 


Sc 


m T4FlF2Inr 










rS(l-14) 


= Sc 


Clear S 






T3 


Sxc 
sS(l,2) 


= T3flF2Ju 
- Add (2, 3) Sxc 










sS(3~14) 


■ C(0-ll)Sxc 


C + X» Ix -» S 






TO 


rCz 


= FlTO 








Tr 


Cxm 


■ Ju0OTsm(Tr+Tp) 










sC(0-23) 


= M(0-23)Cxm 


M -» C (Fetch operand) 


Tr 


thru Tp 




rC( " ) 


= TrCxm 










sHt 
rlx 


« CpTr@K0#2 


Parity error 








« Tr(FlF3)(G0Ht) 






rKO 


« G0TrF2 








Tp 


sCp 


- M24CxmHtTsTp 


Initiate parity 








sF3 


= (TpIa0O)O3O4 


01 next clock (T8) 
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DlV 2 



01 T8 



T7 



T6 
T4 

T3 



Tr 



Tp 



Anr 

Bnr 

Ck 

sC(0-23) 

rC( " ) 

sCz 

sHz 

six 

Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

Hx(l-3) 

Hx~( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Xz(l-3) 

Xi( " ) 

Yz(l-3) 

Yz"( » ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( ,! ) 

sCp 

rCp 

sRf 

Sc 

rS(l-14) 

Sxc 

sS(l,2) 

rS( " ) 

sS(3-14) 

rS( " ) 

sBc23 

sHt 

sF2 

Sc 

rS(l-14) 



0105 

0103 

01T8GCTs 

C(0-23)Ck 

C( " ) » 

01T8CO" 

T8 

01T8CO 

F1F205Q1 _ 

(Ha(l-3)AOO+B(21-23)AOO)01O5Ar3 

CHaC " ) " +B"( " ) " ) 

A(0-20)Ar3 

X( " ) " 

¥(21-23)01 

B( " ) » 

Add(l-3)01O"3Ar3 

Add( " ) 

JB(0-20)Ar3 

B( " ) " 

(A(21-23)AOO+A(21-23)AOO)01 

(A( " ) " +A( " ) " ) " 

0(21-23)^7 

C( " ) " 

Fl¥^(TsQl)_ _ 

C(21-23)FlF2F3TsCr3 

C( " ) 

£(0-20) Cr 3 

C( " ) " 

(C21@C22©:23) CpTsHtQlFlF2 

( H )Cp 

01(0^03) (B5b1B2ADaIA2BT23) 
T4FlF2Inr 

Sc 

T3FlF2Ju 

Add(2,3)Sxc 

Add( » ) " 

C(0-ll)Sxc 

C( " ) " 

01TrHzAOO_ 

CpTi@KO02 

01Tp 

01Tp 



Invert C if C >0 



Initiate - B if A - 
Set Ix - Sign of (M) 

B -»A if A >0 
¥ + 1 -» A < 



T7 thru TO 



Half Adder inputs (B+l) T7 thru TO 
(B23 is turned off unconditionally) 



IAI - ICI -->B 

Adder input ( |A|) 
Adder input: (|C|) 

Recirculate C 



T7 thru TO 



T7 thru TO 



T7 thru TO 



- Sc 



Check parity 

Rf means 1A_,BI 
when A > 
Clear S 



Junk input to C 



Set Bc23 if B 
Parity error 
03 next 

Clear S 



T7 thru TO 
|-Cl ^0 T6 thru Tp 



and A < 
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DIV 3 



03 T8 


sS2 




- SlS2Sk (030506) 


T7 


AL2 




- (03OlO6)S2 




sBOO 




- (B®2Bc2)AL2 




rBOO 




» (B](^B2Bc2)AL2 




Ck 




« (030306) S2T?(CQ9BQ@Bzo) 




sC(0-2: 


3) 


- C~(0-23)Ck 




rC( " 

sOf* 


) 


« C( " ) " 




« (03O5O6)T7(S5STOST1ST2)((B2:C3^O) 




sSl 




= (030506) S 2 




rS2 




- ( " ) " 


T6 


Arl 




- (03550 6) SI 




sA23 




» C0O5O6Arl 




rA23 




- W " 




Rsa 




- (03O"SO6)3TcSl 




sBc23 




- (C0©Cx)RsaD6 




rBc23 




« ccoastx) M 




rSl 




- (030306) SI 


T5 


(refer 


03T8) 




T4 




*'T7) 




T3 




11 T6) 


generates Al 


T2 




" T8) 




Tl 




ii T7) 




TO 




f, T6) 


generates A2 




rCp 




- Tom.mf^(F2W7WM)j2 


Tr 


(refer 


03T8) 




Tp 


( " 


"T7) 


generates A3 




rRf 




» Tpn(fi5Ht) 




Sd2 
sSll 




■ (03O3O6)Tpl3k" 




= Sd2STlS12S13 




sS12 




- Sd2Sl2Sl3 




sS13 




- Sd2S13 



Set S(l,2)«l (COunts:0,l,2,0,l...etc) 
Cycle A,B left 2 bits 



Invert C if sign of last result = 
sign of C 
(RfBO+(AOO^Dlx) )+BzoBO) 

Set S(l,2) = 2 

Cycle A(0-21) right 1 bit - 
qycle B23 -»A0 

Generate 1st quotiant bit (AO) 

B(00-22)+C(0-23) -»B(0-23) 

If C is inverted at_T7 : C+l(sBc23) 

if C £ C original; C(rBc23) if C * 

C original. 

Set S(l,2) - 

S(l,2) = 1 

11 2 

1 

ii 2 

" 



S(l,2) 



Set S(ll,12,13)=7 (Counts 7,6,5,4... 
etc) 

*The overflow logic is as follows: 

(BzoQjBO) - positive result (|A,Bl >1M|) 

ITT « all zero's result (|A,B| =IMI) 
(BzcQft O ) (RfBO" ) ■ all one's with Bc23 set (]A,B1 =!M|; signs different) 
(BzcS&d) (AOO^tx) = positive result (|A,Bf >IM|) 

BzoB"0~ = minus one inverted in B with Bc23 on 
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DIV 4 



03 T8 
T7 
T6 
T5 
T4 
T3 
T2 
Tl 
TO 
Tr 
Tp 

03 T8 
T7 
T6 
T5 
T4 
T3 
T2 
Tl 
TO 
Tr 
Tp 



03 T8 
T7 
T6 
T5 
T4 
T3 
T2 
Tl 
TO 
Tr 
TP 



refer 03 T6 ST1S12S13 

ii i. T8 

ii ii T7 

ii ii T6 

•i ii T8 

ii ii T7 

ii ii T6 

ii ii T8 

it ii T7 

» " T6 

ii ii T8 

S13 * Sd2S13 

refer 03 T7 3T1S12S13 

•i i, T6 

,. ., T8 

ii ii T7 

ti ii T6 

ii T8 

ii ii T7 

ii ii T6 

i. ii T8 

ii ii T7 

it ii T6 

rS12 

sS13 

refer 03 T8 £HSl2Si3 

ii ii T7 

it .. T6 

I. », T8 

ii ii T7 

ti t, T6 

ii it T8 

t. i. T7 

i. ii T6 

ii ii T8 

t. ii T7 



Sd2S12ST3 
Sd2ST3 



generates A3 



A4 



A5 



A6 



A7 



A8 



A9 



A10 



All 



A12 



A13 



rS13 



Sd2S13 



S(l,2) - 

1 

2 



1 

2 



1 

2 



1 

Set 8(11,12,13) 
S(l,2) - 2 



1 

2 



1 

2 



1 

2 

- 

Set S(ll, 12,13) 

S(l,2) - 1 

2 



1 

2 



1 

2 



1 

2 
Set S(ll,12,13) 



= 5 
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DIV 5 



03 


T8 


(refer 


03 




T7 




ti 




T6 




it 




T5 




it 




T4 




ii 




T3 




ii 




T2 




it 




Tl 




it 




TO 




ii 




Tr 




n 




Tp 


rSll 
sS12 
sS13 


it 


03 


T8 


(refer 


03 




T7 




ii 




T6 




ii 




T5 




ti 




T4 




it 




T3 




it 




T2 




ii 




Tl 




n 




TO 




it 




Tr 




it 




Tp 


rSl3 


it 


03 


T8 


(refer 


03 




T7 


( " 


it 




T6 


( " 


it 




T5 


( " 
sSk 


it 




T4 


(refer 
sKO 


03 




T3 


Arl 

sA23 

rA23 

Brl 

sBOO 

rBOO 

rKO 






Tr 


sCz 






Tp 


Rsa 
Brl 
sFl 





T6 
T8 
T7 
T6 
T8 
T7 
T6 
T8 
T7 
T6 
T8 



T7 
T6 
T8 
T7 
T6 
T8 
T7 
T6 
T8 
T7 
T6 

T8 
T7 
T6 
T8 

T7 



ST1S12ST3 



- Sd2Sl 

- Sd2ST2 
■ Sd2ST3 



STlSl2S13 



- Sd2S13 

sns 12S13 



generates A14 



A15 



A16 



A17 



S12ST3 
ST3 



A18 



A19 



A20 



A21 



A22 



» (0305 6) TSSTlS 1 2ST3 
S11S12S13) 

= (03OSO6)S2Sk(BO9BlB2Bc2) 

- (03050 6) SI 

« C00506Arl 

« CO 

= (030*506) SISk 

- K0BrlO6 

- KO" " 

- 03O6Q6 

- AOO(03O5O6)Tr 

* (03(53O6)SkTpC75 

- (030506) SkTp CO 

* TpSk 



S(l,2) - 
1 
2 

1 
2 

1 
2 

1 

Set S(ll,12,13) - 3 

S(l,2) = 2 

11 

" 1 

11 2 

" 

11 1 

" 2 

" 
1 

" 2 

11 
Set S(ll,12,13) - 2 

S(l,2) » 1 

it 2 


I, l 



Save BO (BO would be last by AL2) 
Cycle A(0-21) right 1 bit - 
cycle B23 ~» AO 

Generate last quotiant bit (A23) 
Shift B(00-23) right 1 bit 

Set BOO = BO (refer sKO 03 T4) 

Initiate - A if original sign of A 

is minus 

Force remainder to lie between and 

+ 1 

07 next clock 
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DIV 6 



07 T8 Anr 
Bnr 
rC24 
Ck 
sHz 
End 
sla 
sKO 
sRf 
T7 Ar3 

sA(0-2) 
rA( » ) 
sA(3-23) 
rAC" ) 
Hx(l-3) 
Ex*( " ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
Xz(l-3) 

X*< " ) 

Yz(l-3) 

Yz( " ) 

sKO 

sRf 

Cr3 

sC(3-23) 

rC( " ) 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

rla 

sP(3-14) 

rP( " ) 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

sS2 

sS(3~14) 
TO rSk 
Tr Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rKO 

rRc 



(070^040506) (AO0©Lx) 

( . " ) 

T8(Tsfsr) 

07T8Ts 

T8 

F1F2 

T807Sk(Qg) 

(07T8Bc23AOO) 

( " ) 

07O6Q1 

_A(21-23)Anr+Ha(l-3)Anr(AO0®:x) 

A( " ) " +H5( " )Anr( " ) 

A(0-20)Ar3 

A( » ) " _ 

A(21-23)F103 

A( " ) " 

Add(l-3)07O~3o4o3O6Ar3 

S3cT( " ) 

B(0-20)Ar3 

T( " ) " _ 

(B(21-23)AOO+B(21-23)AOO)07O5O6 

(B( " )AOO+B( " )A00) " 

Rf07 

Rf"07 

(07O6QlAOOBc2O) 

( " ) 
07O"3(TsQl) 
£(0-20) Cr3 
C( " ) " 

(F1G0)Q2 

«F1G0) (O"2040"3O6) ) (Pl2©(P13P141a) )Pr3 

>C 



Last cycle 

Initiate P register increment 
KO is used to negate the Bcs 
Rf combines the - Bcs with B 



A -» A if sign A * sign M j>y thru TO 
Xfl-»A if sign A £ sign M 



Half adder input (A") 

B -»B if sign of B ■ A00 «j7 thru TO 
-B -»B if sign of B £ A00 

Adder input (B) if A00 = + 
Adder input (E) if A00 - .- 

Negate the Bc's 

Form 2's complement o£ the Bc's 

T7 thru TO 



"H \ It 

)(P13©(Pl4Ia))Pr3 

)( " 

)(Pl4©ta)Pr3 
ir 



) " P + 1 -*P 



T7 thru T3 



)( 



) " 



(P12P13P14)Q2F1 
P(0-ll)Pr3 
T( " ) " 
T4EndInr 

Sc 

T3IntE ndGO 

(F1GO (02040506) ) (P13©(P14Ia) ) Sxp 

( " )(P14£Ea)Sxp 

P(0-ll)Sxp 

07TO 

EndG0Tsm(Tr+Tp) 

M(0-23)Cxm 

CxmTr 

TrFl 

Tr(tlF3)(G0Ht) 

07Tr 158 

Tr 



Clear S 

P -»S 

Reset skip 
M -»C 



Tr thru T 



DIV 7 



Tp rAOO 
sCp 

rF(l-3) 
rRf 
rJu 
Oc 

rO(l,3,4,5,6) 
s02 



= EndGOTp 

« M24CxmHtTsTp 
a TpEnd Sg 
» Tp^I(GOHt) 

= Tp 

■ TpEndSk 
« Oc 
« Oc 



Initiate parity 
00 next clock (T8) 



NOP ->0 
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RSH 1 
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RSH OOOXX 



Right Shift A,B 



A,B right XX bits 
extend Sign of A 



2-f xx "? Cyc^s 



00 T8 



T7 



01 



T5 
T4 



T3 



T2 



03 Tl 



rCz 

six 

Oxc 

sO(l-6) 

rO( " ) 

sAOO 

Cr3 

sC(0-2) 

rC( " ) 

Xz(l-3) 

Xz( " ) 

Yz(l-3) 

Yz< » ) 

sCz 

rCz 

sCp 

rCp 

sF3 

sC(0-2) 

rC( " ) 

Sc 

rS(l-lA) 

Sxc 

sS(l,2) 

sS(3-14) 

sF2 

rS(l-8) 

Sx48 

sS(9,10) 

rS(ll-14) 

sSk 

Arl 

sAO 

rAO 

sA(l-23) 

rA( " ) 

Brl 

sBO 

rBO 

sB(l-23) 



rB( ' 

Sd2 

rS9 

sSlO 

rSlO 

sSll 

rSll 

&S12 

rS12 



) 



(0OT8) 

( " )C1G0 

( " )IaG0C2 

£(3-8) Oxc 

C( " ) " 

AO0OT7 

FlF2TsQl 

Add(l-3)0OJuTsCr3 
Add( " ) 

Xn(l-3)0OIx 

Xn( " )0OIX+Ix 
C(21-23)#7 
C( » ) » 
KzQlfuSTT* 

KzQl __ 

(C2*$C22©C23) CpTsHtQlflF2 

( " )Cp 

0OlaQ4o"3o4O5 

£( 21-23) f!f2f3Ts 

C( " ) " 

T4FlF2Inr 

Sc 

T3FlF2Ju 

Add(2,3)Sxc 

C(0-ll)Sxc 

01O5§2 . 

tf l05T2_ 

(S6S7S8+S9S1O)01O5T2 

Sx48 

Sx48 

(01O5T22(S6S7S8S9S1OS11S12S13S1Z) 

03050 6Sk 

A0005CZArl 

A00O5c5Arl 

_A(0-22)Arl 

A( " ) " 

03O5O3sTc 

A2305Brl 

A2305Brl 

B(0-22)Brl 

B( " _) J' _ 

(03O5O6SkJ)S14 

Sd2SlO(SllS12S13) 
Sd2S~To"( " ) 

Sd2S10( " ) 

Sd2Sll<S12ST3) 

Sd2Sll( " ) 

Sd2S12Sl3 
Sd2S12ST5 



Initiate indexing 

C(3-8) ->0 if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix-»C T7 thru T5 

Adder input (X) if indexing 
Adder input C 
Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 

C recirculate. Indexing 

is terminated. T ^ thru T2 

Clear S 

C(10-23)+X(15-23)Ix-»S 
put shift count into S 

03 next clock (Tl) 
Clear S(l-8) 

Set S(9-14) = 48 if shift 
count > 48. 
Shift count = 

Extend sign bit 

Shift A,B right 1 bit if "SK 



Count every other clock until Sk set 



Decrement count by 2 
every other clock 
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(continued) 










03 Tl 


sS13 
rS13 
sS14 






- Sd2S13 
« Sd2S13 

- (03O5O6S^)ST^ 






rS14 






- ( " )S14 


Count each clock 




sSk 






- (03O5SR) (s^sTosTisT2) sT5 


Count m or 1 


TO 


(refer 03 


Tl) 




Initiate X into Xz during 


Tr 


( 


n 


) 






Tp 


( 


it 


) 








rRf 






« Tp^l(GDHt) 


Clear Rf 



If Sk is not set (31c) at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set, 



Tp 



Arl 
sAO 
rAO 


- (03O5O6)TpSkSl4 

- A00O5C2+ 
o A0005CT 


sA(l-23) 
rA( " ) 

Brl 
sBO 


« A(0-22)Arl" 
«T( " ) " 
« (03O5O6)TpSkSl4 
- A23Brl 


rBO 


- A23Brl 


sB(l-23) 
rB( " ) 

sFl 
rRf 


- B(0-22)Brl 

- B( " ) " 
« TpSk ^ 

- Tp^I(GOHt) 



Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 
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07 



T8 


Ck 


» 07T8TI 










sC(0-23) 


-7T(0-23)Ck 






Invert C 




rC( " ) 


- C( " )Ck 










End 


■ F1F2 










sla 


« SkT807©Q 






Initiate P registe 


T7 


Ar3 
sA(0-2) 


- 07O6Q1 

- A(21-23)AnrAr3 










rA( " ) 
sA(3-23) 


»X( " ) " 
- A(0-20)Ar3 






Recirculate A 




rA( " ) 


« A( " ) " 










sB(0-2) 


■ B(21-23)BnrAr3 










rB( " ) 
sB(3-23) 


«T( " ) " 
- B(0-20)Ar3 






Recirculate B 




rB( " ) 


«T( •■ ) " 










Pr3 
sPO 


» (F1GC0Q2 


5)(Pl2SJPl3P14Ia)Pr3 






■ ( " )(0263050< 






rPO 


- ( " )( 


)(pl^l3Pl4Ia) " 






sPl 


- ( " )( 


XP136 


&>14Ia)Pr3 






rPl 


- < " X 


XP136 


&Ula) » 


P + 1 -> P 




sP2 


- ( " )( 


)(Pl4Sta)Pr3 




rP2 
rla 


- ( H )( 


XPi4Sla) " 






= PlM3Pi4Q2Fl 






sP(3-14) 


= P(0-ll)Pr3 










rP( " ) 


a7( " ) " 








T4 


Sc 


« T4EndInr 










rS(l-14) 


« Sc 






Clear S 


T3 


Sxp 


« T3TntEndG0 










sSl 


- (F1G0) (02040506) (P13SP14Ia)Sxp 






sS2 


- ( " )( 


)(Pl4@La)Sxp 


P ->S 




sS(3-14) 


» P(0-ll)Sxp 








TO 


rSk 


« 07TO 








Tr 


Cxm 


« EndGOTsm(Tr+Tp] 


) 








sC(0-23) 


■ M(0-23)Cxm 






Fetch next instruc 




rC( " ) 


- CxmTr 










rla 


■ TrFl 










rlx 


- Tr(tlF3) (GOHt) 










rKO 


= 07Tr 










rAOO 


■ TpEndGO 








TP 


sCp 


- M24CxmTpHtTs 
« TpEndSk 






Initiate parity 




rF(l-3) 






00 next clock (T8) 




rRf 


- Tp^I(GOHt) 










Oc 


- TpEndSlc 










s02 


S3 OC 






NOP (20) -*0 




rO(l,3,4,5,6) 


« Oc 









T7 thru TO 



T7 thru TO 



T7 thru T3 
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RCY 200XX 



Right Cycle A,B 



A,B right cycle XX bits 2- ffi" 3 Cycles 
B23 -»A0 10 



00 T8 



T7 



T5 
T4 



T3 



T2 



03 Tl 



rCz 

six 

Oxc 

sO(l-6) 

rO( " ) 

sAOO 

Cr3 

sC(0-2) 

rC( " ) 

Xz(l-3) 

Xz( " ) 

Yz(l-3) 

Yz( " ) 

sCz 

rCz 

sCp 

rCp 

sF3 

sC(0-2) 

rC( " ) 

Sc 

rS(l-14) 

Sxc 

sS(l,2) 

sS(3-14) 

sF2 

rS(l-8) 

Sx48 

sS(9,10) 

rS(ll-U) 

sSk 

Arl 

sAO 

rAO 

sA(l-23) 

rA( " ) 

Brl 

sBO 

rBO 

sB(l-23) 



rB( ' 

Sd2 

rS9 

sSlO 

rSlO 

sSll 

rSll 

sS12 

rS12 



) 



(0OT8) 

( " )C1G0 

( " )IaG0C2* 

£(3-8)Oxc 

C( " ) " 

AO0OT7 

FlF2TsQl 

Add(l-3)0OJuTsCr3 
Add( " ) 

Xn(l-3)0OIx 

Xn( M )0OIx+Ix 
£(21-23)37 
C( " ) " 
KzQlfW 

KzQl __ 

(C2^C22©C23) CpTsHtQlflF2 

( _ " )Cp 

0OIaQ4c3o4O5 

£(21-23)FlF2F37s 

C( " ) " 

T4FlF21nr 

Sc 

T3FlF2Ju 
Add(2,3)Sxc 
C(0-ll)Sxc 
01O5CJ2 

01O5T2, 

(S£S7S8+S9S1O)01O5T2 

Sx48 

Sx48 

(01O5T2^(S6S7S8S9SlOSllSl2S13Sl4) 

03050 6Sk 

B23C4cl>Arl 

B2"3C4CoArl 

_A(0-22)Arl 

A( " ) " 

03O5O3sIc 

A2305Brl 

A2305Brl 

B(0-22)Brl 

B( " _2J' 

(03050 6 Sk)S14 

Sd2S10(SllS12S13) 
Sd2Slo"( " ) 

Sd2S10( " ) 

Sd2Sll(S12SD) 

Sd2Sll<; " ) 

Sd2S12Sl3 
Sd2S12S*T3 



Initiate indexing 

C(3-8) -*0 if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix->C T7 thru T5 

Adder input (X) if indexing 
Adder input C 
Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 

C recirculate. Indexing 

is terminated. T4 thru T2 

Clear S 

C(10-23)+X(15-23)Ix-»S 
put shift count into S 

03 next clock (Tl) 
Clear S(l-8) 

Set S(9-14) « 48 if shift 
count > 48. 
Shift count e 

Cycle B23 into AO 

Shift A,B right 1 bit if Sic 



Count every other clock until Sk set 



Decrement count by 2 
every other clock 
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(continued) 
03 Tl sS13 



TO 
Tr 
Tp 



Tp 



rS13 

sS14 

rS14 

sSk 

(refer 03 Tl) 

( " ) 

( " ) 

rRf 



Sd2S13 

Sd2S13_ 

(03O5O6Slc)sT5 

( " )S14 

(03O5Sk) (S9sT0STlsT2) ST3 



Tp£l(55Ht) 



Count each clock 

Count a or 1 

Initiate X into Xz during 07 



Clear Rf 



If Sk is not set (Sic) at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 



Cycle B23 into AO 



Arl 


- (03O5O6)TpSkS14 


sAO 


■ B23C4C6Arl 


rAO 


- B23c4cTArl . 


sA(l-23) 


= A(0-22)Arl 


rA( " ) 


-T( " ) " 


Brl 


» (03O5O6)TpSkS14 


sBO 


« A23Brl 


rBO 


■ A23Brl 


sB(l-23) 


« B(0-22)Brl 


rB( " ) 


-*B( " ) " 


sFl 


- TpSk 


rRf 


- TpTl(GOHt) 



Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 
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07 



T8 


Ck 


- 07T8TI 








sC(0-23) 


»7T(0-23)Ck 




Invert C 




rC( " ) 


« C( " )Ck 








End 


" F1F2 ^^N 








sla 


- SkT807@© 




Initiate P registe 


T7 


Ar3 

sA(0-2) 
rA( " ) 


« 07O6Q1 

- A(21-23)AnrAr3 

»T( " ) " 








sA(3-23) 


- A(0-20)Ar3 




Recirculate A 




rA( » ) 


- A( " ) " 








sB(0-2) 


» B (21-23) BnrAr3 








rB( " ) 
sB(3-23) 


-T( " ) " 
- B(0-20)Ar3 




Recirculate B 




rB( " ) 


= T( " ) " 








Pr3 
sPO 


- (F1G0)Q2 


5)(P1^13P14Ia)Pr3 






« ( " )(5Wi050i 






rPO 


-("')( 


) (PH£P13P14Ia) " 






sPl 


- ( " )( " 


)(P13©P14Ia)Pr3 






rPl 


-(")(■ " 


)(P13§P14Ia) " 


T% a 1 T*h 




sP2 


- ( " ) ( 


)(P14Sta)Pr3 


P + 1 -> P 




rP2 
rla 


- ( " )( 


)<Pi4fflLa) " 






« P12P13P14Q2F1 






sP(3-14) 


» P(0-ll)Pr3 








rP( •' ) 


- P"( " ) "• 






T4 


Sc 


« T4EndInr 








rS(l-14) 


■ Sc 




Clear S 


T3 


Sxp 
sSl 


- T3TnEEndG0 


3)(P13SPl4Ia)Sxp 






- (FiGO)<raOT561 






sS2 


- ( " )( 


)(F14©ta)Sxp 


P ->S 




sS(3-14) 


« P(0-ll)Sxp 






TO 


rSk 


« 07TO 






Tr 


Cxm 


«= EndGOTsm(Tr+Tp) 








sC(0-23) 


« M(0-23)Cxm 




Fetch next instruc 




rC( " ) 


- CxmTr 








rla 


« TrFl 








rlx 


- Tr(FlF3)(5SHt) 








rKO 


- 07Tr 








rAOO 


_« TpEndGO 






Tp 


sCp 


« M24CxmTpHtTs 


• 


Initiate parity 




rF(l-3) 


» TpEndSk 




00 next clock (T8) 




rRf 


■ Tp^I(GOHt) 








Oc 


« TpEndSE 








s02 


a OC 




NOP (20) -»0 




rO(l,3,4,5,6) 


« Oc 




. 



T7 thru TO 



T7 thru TO 



T7 thru T3 
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66 



00 



01 



03 





RCY 240XX 


Logical Right Cycle A,B 


A ; tt r^hf YY hi fa o^XX-3 Q„m^ 2 

Zero's -*A0 10 


T8 


rCz 


= (0OT8) 






six 


* ( " )C1G0 






Oxc 


- ( " )TaG0C3 


Initiate indexing 




sO(l-6) 


« C(3-8)0xc 


C(3-8) ->0 if not Indirect Addressing 




rO( " ) 


= C( " ) " 




T7 


sAOO 


= AO0OT7 


Save sign of A 




Cr3 


« FlF2TsQl 






sC(0-2) 


=» Add(l-3)0OJuTsCr3 


C(15-23)+X(15-23)Ix->C T7 thru T5 




rC( " ) 


- Add( " ) 






Xz(l-3) 


■ Xn(l-3)0OIx 






Xz< " ) 


- Xn( " )0OIX+Ix 


Adder input (X) if indexing 




Yz(l-3) 


o C(21-23)£7 






yS( " ) 


- C( M ) " 


Adder input C 




sCz 


- KzQITOftT" 






rCz 


« KzQl 


Adder carry logic 




sCp 


- (C2^C229C23)CpTsHtQlFlF2 






rCp 


= ( " )Cp 


Try for parity check T7 thru T2 


T5 


sF3 


» 0OlaQ4O3O4O5 


01 next clock (T4) 


T4 


sC(0-2) 


» C(21-23)flF2F3Ts 


C recirculate. Indexing 




rC( " ) 


- C( " ) 


is terminated. T ^ tnru T2 




Sc 


«= T4FlF2Inr 






rS(l-14) 


= Sc 


Clear S 


T3 


Sxc 


= T3FlF2Ju" 






sS(l,2) 


« Add(2,3)Sxc 


C(10-23)+X(15-23)Ix-*S 




sS(3-14) 


« C(0-ll)Sxc 


put shift count into S 


T2 


sF2 


= 01O5CJ2 


03 next clock (Tl) 




rS(l-8) 


- 010512 


Clear S(l-8) 




Sx48 


= (SoS7S8+S9SlO)01O5T2 






sS(9,10) 


« Sx48 


Set S(9-14) « 48 if shift 




rS(ll-14) 
sSk 


- Sx48 


count > 48. 




- (01O5T22(S6S7S§S9S1OS11S12S13S14) 


Shift count = 


Tl 


Arl 


« 03050 6Sk 






rAO 


» C4C605 


->A0 (C4 cycle bit, C6 logical) 




sA(l-23) 


= A(0-22)Arl 






rA( " ) 


- A( " ) " 






Brl 


« 03O5O&3k" 


Shift A,B right 1 bit if Sic 




sBO 


« A2305Brl 






rBO 


= A2305Brl 






sB(l-23) 


» B(0-22)Brl 






rB( " ) 


- B ( " J. " 






Sd2 
rS9 


» (03O5O6Sk)sT£ 


Count every other clock until Sk set 




- Sd2S10(SllS12S13) 






sSlO 


« Sd2Slo"( " ) 






rSlO 


« Sd2S10( " ) 






sSll 


«= Sd2Sll(S12S13) 






rSll 


= Sd2Sll£___" ) 


Decrement count by 2 




sS12 


«= Sd2S12Sl3 


every other clock 




rS12 


« Sd2S12ST3 
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(continued) 






03 Tl 


sS13 




« Sd2S13 




rS13 




- Sd2S13 




sS14 




* (03O5O6Sic)ST5 




rS14 




- ( " )S14 




sSk 




« (03O5slc) (s^sTosTlsD) sD 


TO 


(refer 03 Tl) 




Tr 


( 


) 




T P 


( 


) 






rRf 




- Tpfll(G5Ht) 



Count each clock 

Count « or 1 

Initiate X into Xz during 07 

Clear Rf 

If Sk is not set (*STc) at Tp, 03 will continue to occur with each clock 

responding as shown in 03 Tl until Sk sets. When this happens , all functions 

will stop, except the clock, until ,Tp. The following shows what occurs 
at Tp when Sk is set. ' 



Tp 



Arl 


- (03O5O6)TpSkS14 


rAO 


« C4C605 


sA(l-23) 


» A(0-22)Arl 


rA( " ) 


- A( " ) " 


Brl 


« (03O5O6)TpSkS14 


sBO 


» A23Brl 


rBO 


- A23Brl 


sB(l«23) 


« B(0-22)Brl 


rB( " ) 


- B( " ) " 


sFl 


- TpSk ^ 


rRf 


« Tp?l(GOHt) 



-»A0 



Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 
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07 T8 


Ck 


« 07T8T1 








sC(0-23) 


»TT(0-23)Ck 




Invert C 




rC( " ) 


- C( " )Ck 








End 


" F1F2 _x=V- 








sla 


- SkT807©^ 




Initiate P register increment 


T7 


Ar3 
sA(0-2) 


- 07O6Q1 

- A(21-23)£nrAr3 








rA( » ) 
sA(3~23) 


«T( " ) " 
- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( " ) 


- A( » ) " 








sB(0-2) 


« B ( 21-23) BnrAr3 








rB( " ) 
bB(3-23) 


-"F( " ) " 
- B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( " ) 


«T( " ) " 








Pr3 
sPO 


- (F1G0)Q2 


3)(P12££P13P14Ia)Pr3 






- ( " )(0263050< 






rPO 


- ( " )( 


)(Pl»13ML4Ia) " 






sPl 


. ( " )( 


)(P13®P14Ia)Pr3 






rPl 


- ( " )( 


) (P13$*>14Ia) " 


• 




sP2 


- ( " )( 


)(P14©La)Pr3 


P + 1 -* P T7 thru T3 




rP2 
rla 


- ( " )( 


)(Pl4fflta) " 






- P12P13P14Q2F1 






sP(3-14) 


= P(0-ll)Pr3 








rP( " ) 


- 7( " ) " 






T4 


Sc 


« T4EndInr 








rS(l-14) 


= Sc 




Clear S 


T3 


Sxp 


» T3TnEEndGO 








sSl 


- (F1GO) (02040306) (P13^P14Ia)Sxp 






sS2 


- < " X 


)(Pl^La)Sxp 


P ->S 




sS(3-14) 


« P(0-ll)Sxp 






TO 


rSk 


- 07TO 






Tr 


Cxm 


■ EndGOTsm(Tr+Tp) 


> 






sC(0-23) 


« M(0-23)Cxm 




Fetch next instruction 




rC( " ) 


■ CxmTr 








rla 


■ TrFl 








rlx 


- Tr(FlF3)(G0Ht) 








rKO 


- 07Tr 








rAOO 


- TpEndGO 






TP 


sCp 


- M24CxmIpHtTs 




Initiate parity 




rF(l-3) 


= TpEndSk 




00 next clock (T8) 




rRf 


- Tpftl(GOHt) 








Oc 


» TpEndST 




. 




s02 


« Oc 




NOP (20) ->0 




rO(l,3,4,5,6) 


« Oc 
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00 



01 



03 





LSH 000XX 


Left Shift A,B 


T8 


rCz 


- (0OT8) 




six 


« ( " )C1G0 




Oxc 


« ( " )Ta"G0C2 




sO(l-6) 


= C(3-8)0xc 




rO( " ) 


« TT( " ) M 


T7 


sAOO 


« AO0OT7 




Cr3 


■ FlF2TsQl 




sC(0-2) 


« Add(l-3)0OJuT"sCr3 




rC( " ) 


= A3d( " ) 




Xz(l-3) 


« Xn(l-3)0OIx 




lCz~( " ) 


= Xn( " )0OIx+Ix 




Yz(l-3) 


- C(21-23)#7 




Yz~( " ) 


» C( " ) " 




sCz 


« KzQITlW 




rCz 


= KzQl 




sCp 


« (C2]0C22 1 fcC23)CpTsHl:QlFlF2 




rCp 


« ( " )Cp 


T5 


sF3 


» 0OlaQ4OlO4O5 


T4 


sC(0-2) 


= C(21-23)flF^F3Ts 




rC( " ) 


a "£"( " ) 




Sc 


« T4FlF2Tnr 




rS(l-14) 


= Sc 


T3 


Sxc 


= T3FlFlJu 




sS(l,2) 


= Add(2,3)Sxc 




sS(3-14) 


a C(0-Ll)Sxc 


T2 


sF2 


« 0105$? 




rS(l-8) 


« 01O5T2 




Sx48 


= (!&S7?&hS9SlO)01O5T2 




sS(9,10) 


« Sx48 




rS(ll-14) 


= Sx48 




sSk 


= (0io5T2)(s5s7sBs^sTosrisT2snsTZ) 


Tl 


AL2 


« (03O5O6)Sk" 




sAOO 


= A1AL205 




rAOO 


« SI " 




sA(0-21) 


» A(2-23)AL2 




rA( " ) 


= A( " ) " 




sA(22,23) 


« B(0,1)AL2 




rA( » ) 


«¥( " ) " 




sB(0-21) 


- B(2-23)AL2 




rB( " ) 


« B( " ) M 




rB(22,23) 


■ C4AL205 




sOf 
sOf 


- (03O5O6STcC 7 ^C5)(Aa : BM) 




- ( " )(Alt±fc2)(S9...sT3") 




Sd2 


■ 0305065k" 




rS9 


« Sd2S10(SllS12Sl3) 




sSlO 


= Sd2STo"( " ) 




rSlO 


« Sd2S10( " ) 




sSll 


« Sd2Sll(S12S13) 




rSll 


= Sd2Sll( M ) 




sS12 


= Sd2SHsT3 




rS12 


= Sd2S12ST3 
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A,B left XX bits 



2-fXfeiL Cycles 



Set overflow if AO changes 



20 



Initiate indexing 

C(3-8) -» if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix-> C T7 thru T5 

Adder input (X) if indexing 
Adder input C 
Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 

C recirculate. Indexing 

is terminated. 



T4 thru T2 



Clear S 

C(10-23)+X(15-23)Ix-> S 
put shift count into S 

03 next clock (Tl) 
Clear S(l-8) 

Set S(9-14) - 48 if shift 
count > 48. 
Shift count « 

Save old Al for clean up shift 
when 03 terminates 



A,B left 2 bits 



->B(22,23) C4=C10 (cycle bit) during 

03 

Normalized and shifting 2 

Normalized .in 1 and shifting 2 

Count until Sk set. 



Decrement count by 2 
each clock. 



LSH 2 



(continued) 






03 Tl sS13 




« Sd23T3 


rS13 




« Sd2S13 


sSk 




» (03O5O6Sk)(S"9siOSilS12)Sl 


sSk 




= (03O5ST) (STsTOSTlsT2)3T3 


TO (refer 


' 03 Tl) 




Tr ( 


) 




Tp ( 


) 




rRf 




- Tp#I(GOHt) 



Count = or 2 
Count ■ or 1 
Initiate X into Xz during 07 



Clear Rf 



If Sk is not set (Sk~) at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 



Tp 



Arl 
sAO 
rAO 


- (03O5O6)TpSkS14 
= A0005C7T 
= ATOosCS 


sA(l-23) 
rA( " ) 
Brl 
sBO 


» A(0-22)Arl 
-T( " ) " 
« (03O5O6)TpSkS14 
» A23Brl 


rBO 


- A23Brl 


sB(l-23) 
rB( " ) 

sFl 
rRf 


« B(0-22)Brl 

- B( " ) " 

" T P sk _ 

- Tptfl(GOHt) 



Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 
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07 



TS 


Ck 


" 07T8Ts 








sC(0-23) 


- 7(0-23) Ck 




Invert C 




rC( " ) 


- C( " )Ck 








End 


- F1F2 








sla 


« SkT807Q© 




Initiate P register increment 


T7 


Ar3 

sA(0-2) 
rA( " ) 


« 07O6Q1 

« A( 21-23) AnrAr3 

- A( " ) " 








sA(3-23) 


- A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( " ) 


«X( " ) " 








sB(0-2) 


- B(21-23)B"nrAr3 








rB( " ) 


» ¥( " ) •» 








sB(3-23) 


» B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( " ) 


-T( " ) " 








Pr3 


- (F1G0)Q2 








sPO 


- ( " )(0*50Tl0306)(P129P13P14Ia)Pr3 






rPO 


-(")( 


)(PiafBP13PHIa*) " 






sPl 


* ( " )C 


)(Pl38*»14Ia)Pr3 






rPl 


-■( " )( 


)(Pl3S>UIa) " 






sP2 


- ( " X 


)(Pl^a)Pr3 


P + 1 -> P T7 thru T3 




rP2 
rla 


- ( " )( 


)(P14gta) " 






« P12P13P14Q2F1 






sP(3-14) 


■ P(0-ll)Pr3 








rP( " ) 


« F( " ) •• 






T4 


Sc 


■ T4EndInr 








rS(l-14) 


a SC 




Clear S 


T3 


Sxp 


« T3TntEndG0 








sSl 


« (FlGO)(<?2TOio 


5)(Pl3®I>14Ia)Sxp 






sS2 


- ( " )( 


)(P14SLa)Sxp 


P -» S 




sS(3-14) 


» P(0-ll)Sxp 






TO 


rSk 


» 07TO 






Tr 


Cxm 


« EndGOTsm(Tr+Tp; 


) 






sC(0-23) 


« M(0-23)*Cxm 




Fetch next instruction 




rC( " ) 


■ CxmTr 








rla 


» TrFl 








rlx 


« Tr(F*TF3)(C5Ht) 


, 






rKO 


a 07Tr 








rAOO 


« TpEndGO 


• 




Tp 


sCp 


« M24CxmTpfftTs 




Initiate parity 




rF(l-3) 


» TpEndSlc 




00 next clock (T8) 




rRf 


« TpjJI(S8nt) 








Oc 


« TpEndSk" 








s02 


a OC 








rO(l,3,4,5,6) 


a Oc 




NOP (20) -+0 
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67 



NOD 100XX 



Normalize A,B 



A,B left until AO&U., 

or XX shifts have occured 



2-$$TP, Cy< 
20 



00 T8 



T7 



01 



T5 
T4 



T3 



T2 



03 Tl 



rCz 

six 

Oxc 

sO(l«6) 

rO( " ) 

sAOO 

Cr3 

sC(0-2) 

rC( " ) 

Xz(l-3) 

Xi"( » ) 

Yz(l-3) 

Yz~( » ) 

sCz 

rCz 

sCp 

rCp 

sF3 

sC(0-2) 

rC( " ) 

Sc 

rS(l-14) 

Sxc 

sS(l,2) 

sS(3-14) 

sF2 

rS(l-8) 

Sx48 

sS(9,10) 

rS( 11-14) 

sSk 

sSk 

rS14 

AL2 

sAOO 

rAOO 

sA(0-21) 

rA( » ) 

sA(22,23) 

rA( » ) 

sB(0-21) 

rB( " ) 

rB(22,23) 

rBc23 

six 

rKO 



« (0OT8) 

■■ ( " )C1G0 

- ( " )IaGOC~Z 

■ C(3-8)Oxc 

■ -c( » ) " 

« AO0OT7 

> TTF2TsQl 

> Add(l-3)0OJuTsCr3 
. Add( " ) 

- Xn(l-3)0OIx 

> Xn( " )0OIx+Ix 

> C(21-23)^7" 
. "ci: ^ ) " 

- KzQlT0^7 

> KzQl 

' (C2lSC22$C23)CpTsHtQlFlF2 

- ( _ " )C P 

- 0OIaQ4(53o4O5 ____ 
' C(21-23)FlF2F3Ts 

C"( ^__)_ » 
■• T4FlF2Inr 

Sc 

T3F1F2JU 

Add(2,3)Sxc 

C(0-ll)Sxc 

01O5CJ2 

01O5T2 

(S6S7sS+S 9S 10 ) 105T 2 

Sx48 

Sx48 

(01O5T2) (§3S7§Bs9siosTlsT2§T3sT5) 

( " )(A0®M)C2 
( " )( " )C2 
(030506) ST 
A1AL205 
Al fl 

A(2-23)AL2 
X( " ) " 
_B(0,1)AL2 
B( " ) " 
B(2-23)AL2 
"B( » ) » 
G?AL205 

AL2 
0305 
030 6Q 6 



Initiate indexing 

C(3-8) ->0 if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix-*C T7 thru T5 

Adder input (X) if indexing 

Adder input C 

Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 

C recirculate. Indexing 

is terminated. ^4 thru T2 

Clear S 

C(10-23)+X(15-23)Ix~*S 
put shift count into S 

03 next cldck (Tl) 
Clear S(l-8) 

Set S(9-14) - 48 if shift 
count > 48. 

Shift count =0 

A,B normalized. C2«Cll(norm bit) aft T2 

Avoid clear up shift. 

Save old Al for clean up shift 
when 03 terminates 

A,B left 2 bits 



->B(22,23) C4«C10(cycle bit) during 

03 

Clear Be 23 

Initiate adder input (X) during 07 

Clear KO T3 thru Tp 
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(continued) 












03 Tl 


Sd2 




= 


03050 6Sk" 


Count until Sk set. 




sS2 




= 


(Sd205)sBS7 






sS3 




a 




1 )s3(s3s5s5s7) 






rS3 




S3 




• )S3( » ) 






sS4 




SS 




' )S4(S5S6S7) 






rS4 




a 




' )S4( " ) 


Develop negative count 




sS5 




SB 




1 )S5(SoS7) 


to be added to the 




rS5 




= 




' )S5( » ) 


index register during 07. 




sS6 




a 




1 )S6S7 


(counts for each AL2) 




rS6 




s= 




1 )S6S7 






sS7 




a 




1 )S7 






rS7 




sa 




» )S7 






rS9 




a 


Sd2S10(SllSl2Sl3) 






sSlO 




S3 


Sd2S10( " ) 






rSlO 
sSll 




m 


Sd2£ 
Sd2£ 


!10( " ) 






51KS12S13) 






rSll 




S3 


Sd2Sll( " ) 


Decrement count by 2 




sS12 




a* 


Sd2Sl2Sl3 


each clock. 




rS12 




s= 


Sd2S12S13 






sS13 




ss 


Sd2S13 






rS13 




ss 


Sd2S13 






sS14 




ss 


( 03050 6Sk)(A:i£&A2)C5 


Set clean up shift. 




rS14 




ss 


( " )(Al^2)(A2$A3)(S9. 


...Sl3)C5 

No clean up shift. 




sSk 




ss 


( " )(A1^2)C5 


Over normalized 




sSk 




ss 


( » ) (A*$A2) (A2SO) (S$. 


# .3t3)C5 




sSk 




_ 






Normalized 




11 )(S9SlOSllS12)S14 


Count ss or 2 




sSk 




ss 


(03O5ST) (sTsTosTisT2) sl3 


Count = or 1 


TO 


(refer 03 Tl) 






Initiate X into Xz during 07 


Tr 


( 


) 








Tp 


( 


) 










rRf 




a 


Tpfi(GOHt) 


Clear Rf 



If Sk is not set (Sk") at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 



Tp 



Arl 


= (030506) TpSkS 14 


sAO 


- A0005CS 


rAO 


= AOT)05CT 


sA(l-23) 


= A(0-22)Arl 


rA( " ) 


s=X( " ) " 


Brl 


= (03O5Q6)TpSkS14 


sBO 


= A23Brl 


rBO 


« A23Brl 


sB(l-23) 


a B(0-22)Brl 


rB( " ) 


a B( " ) " 


sFl 


a TpSk 


rRf 


= TpP(GOHt) 
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Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 



LSH 6 



07 T8 Ck 


- 07T8Ts 








sC(0-23) 


- (T(0-23)Ck 




Invert C 




rC( » ) 


- C( " )Ck 








End 


- FLF2 








sla 


■ SkT807(Q@ 




Initiate P register increment 




sBc23 


« (07O5T8)S14 




Rf,K0,Bc23 form an Octal input tc 


) 


sKO 


- ( " )S7 




Yz(l-3) from T8 thru T6 which 




sRf 


» ( " )S6 




represent the negative number of 
shifts during normalize. 




T7 Ar3 


■ 07O6Q1 








sA(0-2) 


- A(21-23)AnrAr3 








rA( fI ) 


- A( " ) " 








sA(3-23) 


» A(0-20)Ar3 




Recirculate A T7 thru 


TO 


rA( " ) 


-T< " ) » 








sB(0-2) 


■ B(21-23)BnrAr3 








rB( " ) 


- B( " ) " 








sB(3-23) 


- B(0-20)Ar3 




Recirculate B T7 thru 


TO 


rB( " ) 


- B( " ) " 








Pr3 


« (F1G0)Q2 








sPO 


« ( " )(0"2G*OlO 


6)(Pl2©P13Pl4la)Pr3 






rPO 


- ( " )( 


)(Pl2*13pI4la) " 






sPl 


- ( " )( 


)(Pl3©P14la)Pr3 


- 




rPl 
sP2 


- ( " )( 

- ( " )( 


)(pl3&>UIa) » 
)(Pl^a)Pr3 


P + 1 -» P T7 thru 


T3 


rP2 


- ( " )( 


)(Pl«5ta) » 






rla 


- P12P13P14Q2F1 




sP(3-14) 


- P(0-ll)Pr3 








rP( " ) 


- P( " ) " 








Xnr 


- 53(O4O5O6)C507 




Cl5 is norm bit inverted at T8 




sXw(l-3) 


- Add(l-3)O3(O4O5O6)C507F1 


X + S(2-7) + S14 -»X T7 thru 
(X-number of shifts -» X) 


TO 


rXw( " ) 


- Add( " ) 


i 


Xz(l-3) 
3t5( •' ) 


■ Xn(l-3) 1x0705 
-"XnC " ) 




Adder input (X) T7 thru 


TO 


Yzl 


- Rf07 








YzT 


■ Rf07 




Adder input (S) 




Yz2 


■ KO07 




Bits S3 thru S7 contain 




Yz2 


- KO07 




a negative count of the 




Yz3 


■ Bc2307 




AL2's during normalize. 




Yz3 


■ Bc2307 




S14 contains the clean up. 




sBc23 


= (07O5T7)S5 








rBc23 


* ( " )S5 








sKO 


- ( " )S4 




Rf> KO and Bc23 must 




rKO 
sRf 


- ( " )S5 

- ( " )S3 




be set for the next 
clock 




rRf 


- ( " )S3 
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T6 


sBc23 


« (07O5T6)S2 




sKO 


- ( " )S2 




sRf 


- ( " )S2 


T4 


Sc 


= T4EndInr 




rS(l-14) 


a SC 


T3 


Sxp 

sSl 


« T3IntEndGO 




= (FlG0)(026l0506)(P13ggP14Ia)Sxp 




sS2 


= ( " )( " )(P14©[a)Sxp 




sS(3-14) 


= P(0-ll)Sxp 


TO 


rSk 


= 07TO 


Tr 


Cxm 


= EndGOTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


= CxmTr 




rla 


= TrFl 




rlx 


= Tr(flF3) (GOHt) 




rKO 


- 07Tr 




rAOO 


= TpEndGO 


Tp 


sCp 


« M24CxmTpHtTs 




rF(l-3) 


= TpEndSk 




rRf 


= Tp0I(GOHt) 




Oc 


= TpEndSk 




s02 


= Oc 




rO(l,3,4,5,6) 


= Oc 



Extend minus sign for T c thru TO 
negative count to Yz 

Clear S 



P ~>S 



Fetch next instruction 



Initiate parity 
00 next clock (T8) 



NOP (20) -»0 
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67 



00 



01 



03 





LCY 200XX 


Left Cycle A,B 


T8 


rCz 


« (0OT8) 




six 


- ( " )C1G0 




Oxc 


- ( " )TaG0C2 




sO(l-6) 


- C(3-8)Oxc 




' rO( " ) 


«TT( •• ) " 


T7 


sAOO 


- AO0OT7 




Cr3 


- FlF2TsQl 




sC(0-2) 


- Add(l-3)0OJufsCr3 




rC( " ) 


- xai( n > u 




Xz(l-3) 


- Xn(l-3)0OIx 




**{ " ) 


- Xn( " )0OIx+Ix 




Yz(l-3) 


« C(21-23)#7 




Yz( » ) 


- C( " ) " 




sCz 


- KzQITW 




rCz 


- KzQl 




sCp 


- (C2l9C22^C23)CpTsTrtQlFll^ 




rCp 


« ( " )Cp 


T5 


sF3 


- 0OTaQ4OlO4O5 


T4 


sC(0-2) 


« C(21-23)Fll^F3Ts" 




rC( " ) 


-TT( " ) " 




Sc 


- T4F172Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


» T3HF2Ju 




sS(l,2) 


■ Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


T2 


sF2 


« 01O5Q7 




rS(l-8) 


■ 01O5T2 




Sx48 


« (^6S~/SB+S9S1O)01O5T2 




sS(9,10) 


- Sx48 




rS(ll-U) 


- Sx48 




sSk 


- (01O5T2) (s5£7sBs95IB§T13Ti&Si3Sl4) 


Tl 


AL2 


« (03O5O6)SE 




sAOO 


- A1AL205 




rAOO 


« XI " 




sA(O-Zl) 


- A(2-23)AL2 




rA( " ) 


B A( " ) " 




sA(22,23) 


- B(0,1)AL2 




rA( " ) 


-¥(")" 




sB(0-21) 


- B(2-23)AL2 




rB( " ) 


m fi( " ) " 




sB(22,23) 


= A(0,1)AL2 




rB( " ) 


» A( " ) " 




Sd2 


■ 03O5O6ST 




rS9 


- Sd2ST5(STlS12Sl3) 




sSlO 


- Sd2S"T0"( " ) 




rSlO 


■ Sd2SlO( " ) 




sSll 


- Sd2STI(S12S13) 




rSll 


» Sd2Sll( '* ) 




sS12 


- Sd2S12Sl±3 i 76 




rS12 


- Sd2S12ST3 



A,B left cycle XX bits 
AO into B23 



Cycles 



Initiate indexing 

C(3-8) ->0 if not Indirect Addressing 

Save sign of A 

C(15-23)+X(15-23)Ix-*C T7 thru T5 

Adder input (X) if indexing 
Adder input C 
Adder carry logic 

Try for parity check T7 thru T2 

01 next clock (T4) 

C recirculate. Indexing 

is terminated. 



T4 thru T2 



Clear S 

C(10-23)+X(15-23)Ix-> S 
put shift count into S 

03 next clock (Tl) 
Clear S(l-8) 

Set S(9-14) - 48 if shift 
count > 48. 
Shift count *> 

Save old Al for clean up shift 
when 03 terminates 



A,B left 2 bits 



Cycle A0,A1 into B22,B23 
Count until Sk set. 



Decrement count by 2 
each clock. 



LSH 9 



(continu 


ed) 






03 Tl 


sS13 




« Sd2S~TC 




rSl3 




» Sd2S13 




sSk 




= (03O5O6Sk)(s9slOSllS12)SL5 




sSk 




» (03O5ST) (sTSTc-sTlsT2)sT3 


TO 


(refer 


■ 03 Tl) 




Tr 


( 


) 




Tp 


( 


) 






rRi 




- Tp9TC(65Ht) 



Count a or 2 
Count = or 1 
Initiate X into Xz during 07 



Clear Rf 



If Sk is not set (SF) at Tp, 03 will continue to occur with each clock 
responding as shown in 03 Tl until Sk sets. When this happens, all functions 
will stop, except the clock, until Tp. The following shows what occurs 
at Tp when Sk is set. 



Tp 



Arl 


= (03O5O6)TpSkS14 


sAO 


« B23C4C6Arl 


rAO 


«■ B23c4c6Arl 


sA(l-23) 


=* A(0-22)Arl 


rA( " ) 


«.T( " ) U 


Brl 


« (03O5O6)TpSkS14 


sBO 


« A23Brl 


rBO 


* A23Brl 


sB(l-23) 


» B(0-22)Brl 


rB( " ) 


- B( " ) " 


sFl 


m TpSk 


rRf 


- Tptfl(GOHt) 



Cycle B23 into AO 



Clean up right shift A,B 

(If S14 reset, no shift occurs) 



07 next clock (T8) 
Clear Rf 
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07 



T8 


Ck 


» 07T8TS" 










sC(0-23) 


« 7(0-23) Ck 




Invert: C 






rC( " ) 


- C( " )Ck 










End 


■ F1F2 










sla 


« SkT807^3g) 




Initiate P register increment 




T7 


Ar3 


« 07O6Q1 










sA(0-2) 


- A( 21-23) ArifAr3 










rA( " ) 
sA(3-23) 


- A( " ) " 

- A(0-20)Ar3 




Recirculate A T7 thru 


TO 




rA( » ) 


«T( " ) " 










sB(0-2) 


- B(21-23)EnrAr3 










rB( " ) 


« ¥( " ) " 










sB(3-23) 


« B(0-20)Ar3 




Recirculate B T7 thru 


TO 




rB( " ) 


-T( " ) " 










Pr3 
sPO 


- (F1G0)Q2 


6)(P12$P13P14la)Pr3 








- ( " ) (o"2o~4o~5o 






rPO 


- ( " )( 


)(Piaajpi3puii) ■• 








sPl 


. ( " )( 


)(PlJtfPl4Ia)Pr3 








rPl 


. ( " )( 


) (PiagplMa) " 








sP2 


- ( " )( 


)(Pl<8ta)Pr3 


P + 1 -+ P T7 thru 


T3 




rP2 
rla 


-(••)( 


)(P14»a) " 








- P12P13P14Q2F1 






sP(3-14) 


- P(0-ll)Pr3 










rP( " ) 


« T( " ) " 








T4 


Sc 


■ T4EndInr 










rS(l-14) 


» Sc 




Clear S 




T3 


Sxp 


■ T3TntEndG0 










sSl 


- (F1G0) (0"2o"30~506) (P13$P14la)Sxp 








sS2 


- < " )( 


)(P14c£La)Sxp 


P ->S 






sS(3-14) 


» P(0-ll)Sxp 








TO 


rSk 


« 07TO 








Tr 


Cxm 


« EndGdTsm(Tr+Tp 


) 








sC(0-23) 


« M(0-23)Cxm 




Fetch next instruction 






rC( " ) 


- CxmTr 










rla 


- TrFl 










rlx 


- Tr(f!F3)(S0Ht) 










rKO 


- 07Tr 










rAOO 


- TpEndGO 








Tp 


sCp 


- M24CxmTpfftTs 




Initiate parity 






rF(l-3) 


- TpEndST 




00 next clock (T8) 






rRf 


= Tp^l(GCHt) 










Oc 


■ TpEndST 










s02 


» Oc 










r0(l,3,4,5,6) 


■ OC 




NOP (20) -»0 
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70 



SKM 



Skip if A Equal (M) on B Mask 



A*B^(M)«B; P + 1 ->P 2 Cycles 
A'B»(M)-B; P + 2 -» P 3 Cycles 



T8 


rCz 


- 0OT8 




six 


= 0OT8C1GO 




Oxc 


« (0OT8IaGO)C2" 




sO(l,3,4,5,6) 


» C(3,5,6,7,8)Oxc 




r02 


« cioxc 


T7 


Ar3 


» (01020i04)Ql 




sA(0-2) 


« A(21-23)AnrAr3 




rA( " ) 


« X( " ) 




sA(3-23) 


» A(0-20)Ar3 




rA( " ) 


= A( " ) " 




sB(0~2) 


« B(21-23)BnrAr3 




rB( " ) 


« B( " ) " 




sB(3-23) 


« B(0-20*)Ar3 




rB( " ) 


a B( " ) " 




Cr3 


- flF2(TsQl) 




sC(0-2) 


* Add(l-3)0OJuTsCr3 




rC( " ) 


- Add*( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


. 7T( " ) " 




Xz(l-3) 


- Xn(l-3)0O'Ix 




x5( " ) 


= Xn( " ) 001x4-1 x 




Yz(l-3) 


- C(21-23)ftT 




Yz( » ) 
sCz 


» C( " J " 
■ KzQlT0#7 




rCz 


- RTQ1 




sCp 


» (C2]®C22©C23)CpTsHtQlFlF2 




rCp 


« ( " )Cp " 


T4 


Sc 


« T4FlF"2lnr 




rS(l-14) 


« Sc 


T3 


Sxc 


« T3FlF2Ju 




sS(l,2) 


« Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


= IIto 


Tr 


Cxm 


■ Ju0OTsra(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


» TrCxm 




sHt 
rlx 


= CpT^j^CQ^2 

- Tr(FlF3)(SoHt) 




rKO 


« G0TrF2 


Tp 


sCp 


» M24CxmHtTsTp 




sFl 


■« (TpIa0O)Olo5 




sF2 


- ( " )0301 



Initialize carry 
Initialize indexing 

Instruction --» 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X*Ix -*C (Add»Xz+Yz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru TO 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X'lx ->S 

M -» C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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06 T8 



T7 



T4 



T3 



Tr 



sla 


- TSFllTlO© 




Initiate P register increment 


End 


- F1F2 




Last cycle 




sSk 


■ (OlO3gffS06)T8 








Ar3 


- (01020304)Q1 








sA(0-2) 


- A(21-23)AnrAr3 








rA( " ) 


- A( " ) " 




Recirculate A 


T7 thru TO 


sA(3-23) 


- A(0-20)Ar3 








rA( " ) 


- A( » ) " 








sB(0-2) 


= B(21-23)BnrAr3 








rB( " ) 


«¥( " ) 




Recirculate B 


T7 thru TO 


sB(3-23) 


« B(0-20)Ar3 








rB( " ) 


«*B( " ) " 








Cr3 


- FlT3(TsQl) 








sC(0-2) 


- Add(l-3)06TsCr3 








rC( " ) 


- Adl( " ) 




Recirculate C 


T7 thru TO 


sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


- C ( " ) " 








15(1-3) 


« Ix 




Adder input ifi) 


T7 thru TO 


Yz(l-3) 
Yz( " ) 


o 0(21-23)77" 
- C( " ) " 




Adder input (C) 


T7 thru TO 


sCz 
rCz 


=» KzQlF107 
- KzQl 




Carry logic 


T7 thru TO 


sCp 
rCp 


- (C21@C22®C23)CpTsHtQ106O3 

- ( " )Cp 


Check parity 


T7 thru TO 


Pr3 


- (F1G0)Q2 








sPO 


» (Pia9P13Pl4Ia)FlG0(52TO3506)Pr3 






rPO 


- ( " ) 


*" < 






sPl 


- (P13®P14Ia) 


ii 






rPl 
sP2 


- ( " > 

- (P14©la) 


ii 
ii 


P + 1 -» P 


T7 thru T3 


rP2 


- (' " ) 


n 






sP(3-14) 


■ P(0-ll)Pr3 








rP( " ) 


-T( M ) " 








rla 


- (P12P13P14)Q2F1 




rSk 


- B(JQC) (21-23) (06O1O351O5O6Q1) 


Don't skip logic 


T7 thru TO 


Sc 


« T4EndInr 








rS(l-14) 


■ Sc 




Clear S 




Sxp 


« T3TntEndG0 








sSl 
rSl 


- (P13$P14Ia)FlGO(02(5^506)Sxp 

- (" » ) »• 


P13,14 contains PI 


,P2 at T3 


sS2 
rS2 


«- (P14Efca) 


it 


P + 1 -» S 




.sS(3-14) 


- P(0-ll)Sxp 








rS( " ) 


-T( " ) " 








Gxm 


■ EndGOTsra(Tr-FTp) 








sC(0-23) 


- M(0-23)Cxm 




M -¥ C (Fetch next 


instruction) 


rC( " ) 
sHt 


- CpTr@K032 




Parity error 


Tr thru Tp 
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Tp 



ria 
rlx 
rAOO 
rBOO 




■ TrFI _ 

« Tr(fTF3)(pOHt) 

■ TpEndGO 


sCp 

rF(l, 

sF3 

Oc 

s02 


,2) 


» M24CxmHtTsTp 
» TpEndSfc 

« TpSk 

** TpEndSk 

m OC 


rO(l, 


.3,4,5,6) 


« Oc 



Initiate parity 
00 next if Sk 
07 next if Sk 



NOP (20) ->Q 
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07 T$ 


■la 


- Sk07T8Q^ 


Initiate P regiiter increment 




End 


- F1F2 


Last cycle 


T7 


Ar3 


- <O1O203O4)Q1 






»A(0-2) 


- A(21-23)AnrAr3 






rA( " ) 
sA(3-23) 


-X( " ) 

- A(0-20)Ar3 


Recirculate A T7 thru TO 




rA( '• ) 


- A( " ) " 






sB(0-2) 


- B(21-23)BnrAr3 


■ s 




rB( » ) 
sB(3-23) 


- B( " ) 

- B(0«20)Ar3 


Recirculate B T7 thru TO 




rB( •• ) 


«¥( •• ) '■ 






Pr3 


» (F1G0)Q2 






sPO 


- (P128*13P14Ia)FlGO(0265d506)Pr3 






rPO 


- ( " ) 






sPl 


• (P13^14Ia) " 






rPl 


- ( » ) 






sP2 


- (PUffla) 


P + 1 -* P T7 thru T3 




rP2 


- ( " ) 






sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 


.?( " ) •• 






rla 


- (Pl2tt3Pl4)Q2Fl 




T4 


Sc 


•• T4EndInr 


- 




rS(b-14) 


- Sc 


Clear S 


T3.. 


Sxp 


m T3IntEndOO 






sSl 
rSl 


- (P13SP14la)F100(555!o5O6)Sxp 

- ( " ) 


P13, P14 conjtain PI, P2 at T3 




eS2 


- (Pl^flla) ■' 


P + 1 -♦ S 




rS2 


— /-— n \ ii 






aS(3-14) 


- P(0-ll)Sxp 






rS( " ) 


-T( " ) » 




TO 


rSk 


« 07TO 






rCp 


• giTOHtKO (F103g4?6)?2 




Tr 


Own 


■ EndGOT«n(Tr+Tp) 






«C(0-23) 


- M(0-23)Cxm 


M -» G (Fetch next instruction) 




rC( " ) 


" Tr&an 


Tr thru Tp 




rla 


m TrFl 






rlx 


- Tr(flH) (SoSF) 




Tp 


rAOO 


m TpEndOO 






rBOO 


- ( " 1 






sCp 


- M24GttBHtXsTp 


Initiate parity check. 




rF(l-3) 


• TpEndSIc 


00 next clock <T8) 




Oc 


- ( " ) 






s02 


m Oc 






rO(l,3,4,5,6) 


- Oc 


NOP (20) -*0 
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LDX 1 



71 



LDX 



Load X 



(M) ->X 



2 Cycles 



00 T8 


rCz 


« 0OT8 


Initialize carry 




six 


« 0OT8C1GO 


Initialize indexing 




Oxc 


- (0OT8laGO)C2 






80(1,3,4,5,6) 


= C(3,S,6,7,8)Oxc 


Instruction -♦ 




r02 


■» cioxc 




T7 


Ar3 


» (01020304)Q1 






sA(0-2) 


« A(21-23)AnrAr3 






rA( " ) 


- A( » ) » 


Recirculate A T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 






rA( " ) 


» A( " ) " 






sB(0-2) 


- B(21-23)BnrAr3 






rB( " ) 
sB(3-23) 


- B( " ) 
« B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( » ) 


« B( " ) " 






Cr3 


- FlF2(TsQl) 






sC(0-2) 


« Add(l-3)0OJuTsCr3 






rC( " ) 


« Add( " ) 


C+X-Ix -*C (Add-OCz+Yz) T7 thru TC 




sC(3-23) 


- C(0-20)Cr3 






rC( " ) 


a C( " ) " 






Xz(l-3) 


- Xn(l-3)0O;Ix 


Adder input if Ix (indexing) 




Xz"( " ) 


« l(!n( " )0Olx+Ix 


T7 thru TC 




Yz(l-3) 


■ C(21-23)#7 






Yz( " ) 


- c( 1.) " 

« KzQlTO07 


Adder input C register T7 thru TC 




sCz 






rCz 


« KzQl 


Carry for Adder T7 thru Tl 




sCp 
rCp 


- (C2]@C22®C23)CpTsHtQlFlF2 
« ( " )Cp 


Check parity T7 thru TC 


T4 


Sc 


* T4FlF2Inr 






rS(l-14) 


» Sc 


Clear S 


T3 


Sxc 


- T3FlF2Ju 






aS(l,2) 


» Add (2, 3) Sxc 






sS(3-14) 


« C(0-ll)Sxc 


C+X» Ix -♦ S 


TO 


rCz 


■ F1T0 




Tr 


Cxm 


* Ju0OTsm(Tr+Tp) 






sC(0-23) 


« M(0-23)Cxm 


M -► C (Fetch Operand) Tr thru T] 




rC( " ) 


■ TrCxm 






sCz 


» (Tr0O)Q2O3 






sHt 


" CpTjfajftOfr? 


Parity error 




rlx 


- Tir(m3)CG6Ht) 






rKO 


« G0TrF2 




Tp 


sCp 


- M24CxmHtTsTp 


Initiate parity 




sFl 


« (TpTa0O)Ol(I£ 






sF2 


» ( " )0301 


06 next clock (T8) 
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LDX 2 



06 T8 



T7 



T4 



T3 



Tr 



sla 


= T8F1F3©© 




Initiate P register increment 


End 
Ar3 


= F1F2 

« (01020304)Q1 




Last cycle 


sA(0-2) 


- A(21-23)AnrAr3 






rA( " ) 


« A( " ) 




Recirculate A T7 thru TO 


sA(3-23) 


» A(0-20)Ar3 






rA( " ) 


= T( " ) " 






sB(0-2) 


- B(21-23)BnrAr3 






rB( " ) 


= T( " ) " 




Recirculate B T7 thru TO 


sB(3-23) 


= B(0-20)Ar3 






rB( " ) 


= T( " ) " 






Cr3 


= FlFl(TsQl) 






sC(0-2) 


« Add(l-3)06TsCr3 






rC( " ) 


= Add( " ) 




B + C -* C T7 thru TO 


sC(3-23) 


■ C(0-20)Cr3 






rC( " ) 


= Z{ " ) " 






Xz(l-3) 


- A(21-23)06O255 






X^( " ) 


- A( " ) ." 
= C(21-23)f7 




Unused adder inputs T7 thru TO 


Yz(l-3) 






Yz( " ) 


= C"( " J»" 
» KzQIFW 
= TTzQl 






sCz 
rCz 




Carry logic T7 thru TO 


sCp 
rCp 


= (C2]@C223£23)CpTsHtQ106O3 
= ( " )Cp 


Check parity T7 thru TO 


Pr3 


= (F1G0)Q2 

= (P12®P13P14Ia)Fl 






sPO 


GO(02o"2h0306)Pr3 




rPO 


= ( "" ) 






sPl 


= (P13£Pl4Ia) 






rPl 


- ( " ) 




P + 1 -» P T7 thru T3 


sP2 


= (P149la) 






rP2 


- ( " ) 






sP(3-14) 


= P(0-ll)Pr3 






rP( " ) 


= P( " ) " 






rla 


= (P12P13P14)Q2F1 






Xnr 


= 06OlO2O3O"^OlO6 






sXw(l-3) 


- ( " )Ts 


C(21-23) 


C -»X T7 thru TO 


rXw( " ) 


= ( " )Ts 


c( " ) 




Sc 


= T4EndInr 






rS(l-14) 


= Sc 




Clear S 


Sxp 


= T3TntEndGO 

- (P13©Pl4la)FlGO( 






sSl 


02040506) Sxp 




rSl 


- ( Tr ) 


it 




sS2 


= (PltfftLa) 


ii 


P + 1 ~» S 


rS2 


- C " ) 


ii 




sS(3-14) 


- P(0-ll)Sxp 






rS( " ) 


- P( " ) " 






Cxm 


■ EndGOTsm(Tr+Tp) 






sC(0-23) 


= M(0-23)Cxm 




M -> C (Fetch next instruction) 


rC( " ) 


= TrCxm 




Tr thru T£ 


sHt 


= CpTr@c5^2 




Parity error 
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LDX 3 



Tp 



rla 




- TrFJ^ 


rlx 




« Tr(FlF3)(GOHt) 


rAOO 




« TpEndGO 


rBOO 




- ( " i 


sCp 




- M2ACxmHtTsTp 


rF(l,2) 




• TpEndSk 


Oc 




- ( » ) 


s02 




ea OC 


1^(1,3,4,5, 


,6) 


■ Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) 
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Skip if A and M do not Compare Ones Ai(M)i=l; P + 1 ^P 2 Cycles 

Ai(M)i-0; P + 2 -» P 3 Cycles 



00 T8 



T7 



rCz 

six 

Oxc 

s0(l,3,4,5,6) 

r02 

Ar3 

sA(0-2) 

rA( » ) 

sA(3-23) 

rA( " ) 

sB(0-2) 



rB( 



sB(3-23) 



rB( 
Cr3 
sC(0-2) 



rC( 



sC(3-23) 
) 



) 



) 



-3) 
) 

-3) 
) 



T4 



T3 



TO 
Tr 



Tp 



rC( 

Xz(L 

lte( 

Yz(l- 

Yz( 

sCz 

rCz 

sCp 

rCp 

Sc 

rS(l-14) 

9xc 

sS(ly2) 

sS(3-14) 

rCz 

Cxm 

sC(0-23) 

rC( " ) 

sHt 

rlx 

rKO 

sCp 

sFl 

sF2 



- 0OT8 

« 0OT8C1GO 

- (0OT8IaGO)c2 

- C(3,5 > 6,7,8)Oxc 
« C7k)xc 

- (0102S504)Q1 

- A(21-23)XnrAr3 
-X( » ) " 

- A(0-20)Ar3 

- A( " ) 1__ 

« B(21-23)BnrAr3 
-B( " ) 
« B(0-2O)Ar3 

- B( " ) " 

- FIf5(TsQ1) 

- Add(l-3)0OjuTsCr3 

- X33( " ) 

- C(0-20)Cr3 

■ 7T( " ) M 

- Xn(l-3)0O-Ix 

- Xn( fI )0OIx+Ik 

- C(21-23)87 

■ C < li" 
« KzQlT0^7 

- KzQl _ 

- (C2]8C22SC23)CpTsHtQlFlFl 

- ( " )Cp " 

- T4Fl¥2lnr 

« Sc 

- t3f1f5JIT 

- Add(2,3)Sxc 

- C(0-ll)Sxc 

- ITLTO 

■ Ju0Otsra(Tr+Tp) 

- M(0-23)Cxm 

■ TrCxm 

- CpTififeoiJ3_ 

- Tr(FTF3)(S0Ht) 

- G0TrF2 

- M24CxmHtTsTp 

- (TpIa0O)Olo7 

- ( " )0301 



Initialize carry 
Initialize indexing 

Instruction -> 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



OWC.Ix -»C (Add-X*ftz) T7 thru TO 

Adder input if Ix (indexing) 

T7 thru TO 

Adder input C register T7 thru T0< 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X'lx ->S 

M -> C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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06 T8 



T7 



T4 



T3 



Tr 



sla 


« T8FlF3(y|Cr) 


Initiate P register 


increment 


End 


= F1F2 


Last cycle 






sSk 


= OlO3O2toS06T8 








Ar3 


= (01020304) Ql 








sA(0-2) 


a A(21-23)AnrAr3 








rA( " ) 
sA(3-23) 


a A( " ) 
« A(0-20)Ar3 


Recirculate A 




T7 thru TO 


rA( » ) 


- A( " ) " 








sB(0-2) 


= B (21-23) BnrAr3 








rB( " ) 
sB(3-23) 


= T( " ) 
« B(0~20)Ar3 


Recirculate B 




T7 thru TO 


rB( " ) 


a B( " ) » 








Cr3 


« FlF3(TsQl) 








sC(0-2) 
rC( " ) 


a Add(l-3)06TsCr3 
a Add( " ) 


Recirculate C 




T7 thru TO 


sC(3-23) 


a C(0~20)Cr3 








rC( " ) 


= C( " ) » 








Xz(l-3) 


= IX 


Adder input (0) 




T7 thru TO 


Yz(l-3) 
W( " ) 


a C(21~23)W 

= C( " ) " 


Adder input (C) 




T7 thru TO 


sCz 


a KzQlF1^7 








rCz 


= KzQl 


Carry logic 




T7 thru TO 


sCp 
rCp 


= (C2l3C223£23)CpTsHtQ106O3 
= ( " )Cp 


Check parity 




T7 thru TO 


Pr3 


= (F1G0)Q2 








sPO 


= (P123P13P14la)FlGO(0202k)506)Pr3 




rPO 


- ( ) 








sPl 


a (P13©?14la) " 








rPl 


a (- » ) » 








sP2 


a (Pl/ffita) 


P + 1 -»P 




T7 thru T3 


rP2 


= c ■■"""" ) 








sP(3-14) 


= P(0-ll)Pr3 








rP( " ) 


= T( " ) " 








rla 


a (P12P13P14)Q2F1 








rSk 


= A'C(21~23)O2(06O1O3O4O6)O5Q1 


Don't skip if A» 


(M) 


T7 thru TO 


Sc 


a T4EndInr 








rS(l-U) 


a Sc 


Clear S 






Sxp 


a T3IntEndG0 








sSl 


« (P13^14la)FlGO(02040506)Sxp 




rSl 


a ( " " ) 


P13, P14 contain 


v 1 . 


P2 at T3 


sS2 


a (P14£[a) 


P + 1 ->S 






rS2 


_ /" Tl \ II 








sS(3-14) 


= P(0-11)SXP 








rS( " ) 


= T( " ) " 








Cxm 


a EndG0Tsm(Tr+Tp) 








sC(0-23) 


a M(0-23)Cxm 


M -» C (Fetch next instruction) 


rC( » ) 


a TrCxm 






Tr thru Tp 


sHt 


= CpT*@K0#2 


Parity error 
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rla 






■ TrFl 


*Ix 






- Tr(flF3)(50Ht) 


Tp rAOO 






• TpEndGO 


rBOO 






- ( " L_ 


sCp 






- M24CxmHtTsTp 


rF(l, 


2) 




■ TpEndgk" 


aF3 






■ TpSk __ 


Oc 






* TpEndSk 


s02 






- Oc 


rO(l, 


3,4,5; 


,6) 


- Oc 



Initiate parity 
00 next if Sic 
07 next if Sk 



NOP (20) 
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07 T8 



T7 



T4 



T3 



TO 



tt 



Tp 



s la 


- Sk07T8j3fe? 


Initiate P register increment 


End 


- F1F2 


Last cycle 


Ar3 


- (010 26304) Ql 




sA(0-2) 


- A(21-23)XnrAr3 




rA( " ) 
sA(3-23) 


«X( " ) " 
- A(0-20)Ar3 


Recirculate A T7 thru TO 


rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21«23)BnrAr3 




rB( » ) 
sB(3-23) 


- B( M ) 
« B(0-20)Ar3 


Recirculate B T7 thru TO 


rB( " ) 


«~B( " ) " 




Pr3 


- (F1G0)Q2 




sPO 


- (P13f5P13Pl4Ia)FLG0(0S!0506)Pr3 




rPO 


- ( " ) 




aPl 


« (P13^»14Ia) " 




rPl 


m ( « ) •• 




8P2 


- (Pl^Ka) 


P + 1 -+ 1 T7 thru T3 


rP2 


m ( » ) » 


* 


sP(3-14) 


- P(0-U)Pr3 




rP( " ) 


«T( n ) •• 




rla 


« (Plitl3Pl4)Q2Fl 




Sc 


m T4RndInr 




rS(l-14) 


m Sc 


Clear S , 


Sxp 


• T3IntEnd00 




sSl 
rSl 


• (P13©P14Ia)FX00C0354O506)Sxp 
- ( " ) 


P13, P14 contain PI, P2 at T3 


sS2 


- (Pl^a) " 


P + 1 -*S 


rS2 


m ( " "■) »• 




*S(3-14) 


• P(0-ll)Sxp 




rS( " ) 


-¥( " ) ■• 




rSk 


m 07TO 




rGp 


- feTOHtKO(F103?4?6)?2 




Gxm 


«« EndO0Tsm(Tr+Tp) 




sC(0-23) 


• M<0~23)Cxm 


M -> G (Fatch next instruction) 


rC( M ) 


- TrCian 


Tr thru Tp 


rla 


« Tr#l 




rlx 


« Tr(FlF3) (JSStit) 




rAOO 


- TpEndGO 




rBOO 


- < " 2. 




sCp 


- M24CjqaHtTsTp 


Initiate parity check 


rF(l-3) 


» TpEndStc • 


00 next clock (T8) 


Oc 


- ( M ) 




s02 


« Oc 




rO(l,3,4,5,6) 


- Oc 


NOP (20) ~*0 
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Skip if A Greater Than M 



A < (M) ; P + 1 -> P 
A > (M) ; P + 2 -» P 



2 Cycles 

3 Cycles 



00 T8 


rCz 


■ 0OT8 






six 


« 0OT8C1GO 


Initialize indexing 




Oxc 


- (0OT8laGO)C2 






80(1,3,4,5,6) 


» C(3,5,6,7,8)Oxc 


Instruction -♦ 




r02 


» oSoxc 




T7 


Ar3 


■ (01020304)Q1 






sA(0-2) 


- A(21-23)AnrAr3 






rA( " ) 


- A( " ) " 


Recirculate A T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 






rA( »■ ) 


- A( » ) » 






sB(0-2) 


- B(21-23)BnrAr3 






rB( " ) 
sB(3-23) 


» B( " ) " 
- B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( " ) 


« B( " ) " 






Cr3 


- FlF2(TsQl) 






sC(0-2) 


- Add(l-3)0OJuTsCr3 






rC( " ) 


- Add( " ) " 


G+X*Ix ->C (Add«*z+Yz) T7 thru TO 




sC(3-23) 


- C(0~20)Cr3 






rC( " ) 


- C< " ) " 






Xz(l-3) 


- Xn(l-3)0O.«Ix 


Adder input if Ix (indexing) 




1^( " ) 


« JK( " )'0Olx+Ix 


T7 thru TO 




Yz(l-3) 
Yz( " ) 


- C(21-23)5T7 

- c( "_. J " 
« KzQlTO07 

« KzQl 


Adder input C register T7 thru TO 




sCz 
rCz 


Carry logic T7 thru Tl 




sCp 
rCp 


- (C2*$C22Q9C23)CpTsHtQlFlF2 

- ( _ " )Cp " 


Check parity T7 thru TO 


T4 


Sc 


■ T4FlF2Inr 






rS(l-14) 


« Sc 


Clear S 


T3 


Sxc 


- T3F1F2JU 






sS(l,2) 


- Add (2, 3) Sxc 


M ■ W m. ^T ^ 




sS(3-14) 


- C(0-ll)Sxc 


C+X« Ix -+ S 


TO 


rCz 


- F1T0 




Tr 


Cxm 


• Ju0OTsm(Tr+Tp) 






sC(Q-23) 


« M(0-23)Cxm 


M -► C (Fetch Operand) Tr thru Tp 




rC( " ) 


■ TrCxm 






sCz 


« Tr0OO2O3 


Initiate - A into Xz 




sHt 
rlx 


- CpTx^jkO?! , 

- T*(m3)(G0Ht) 


Parity error 




rKO 


m G0TrF2 




Tp 


sCp 


« M24CxmfftTsTp 
- (TpTa0O)OlO4 


Initiate parity 




sFl 






sF2 


- ( " )0301 


06 next clock (T8) 
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06 T8 sla 
End 

T7 Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l-3) 

*z( » ) 

Yz(l-3) 

Yz( " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

T4 Sc 

rS(l-U) 

T3 Sxp 
sSl 
rSl 
sS2 
rS2 

sS(3-14) 
rS( " ) 

TO six 
Ofe 

Tr Cxm 

sC(0-23) 
rC( " ) 
sHt 



T8F1F3©Q 
F1F2 

(010 20304) Ql 
A( 21-23) AnrAr3 
T( " ) 
A(0-20)Ar3 
T( » ) " 
B(21-23)BnrAr3 
T( " ) 
B(0-20)Ar3 
T( " J» " 

FlFl(TsQl) 

Add(l-3)06TsCr3 
Add( " ) " 
C(0-20)Cr3 
£( " ) " 
A(21-23)O2O506 
A( " ) " 

£(21-23)5*7 

C( " j" 
KzQIFlp 

KzQl 

(C21®C2a$C23) CpTsHtQ 10603 
( " )Cp " 

(F1G0)Q2 __ 



Initiate P register increment 
Last cycle 



- ( 



(P12SP13P14Ia)FlG0(0204O506)Pr3 

— rr — 



) 



(P13©P14Ia) 

( n ) 

( Pl^Ea ) 

( nr ~") 

P(0-ll)Pr3 
T( " ) " 
(P12P13P14)Q2F1 
T4EndInr 

Sc 

T3IntEndG0 

(P13QJ>14Ia)FlGO(020405Q6)9xp 

( n ) 

(Pl^&a) 

( "-") 

jP(0-ll)Sxp 
P( " ) " 

06TOO£e 

AddlXzlYzl+AddlXzlYzl 

EndGOfsm (Tr+Tp ) 

M(0-23)Cxm 

TrCxm __ 

CpTU@K0^2 



Recirculate A 

Recirculate B 

T+C + 1->C« 
(M) - A -» C 

Adder input (A) 
Adder input (C) 
Carry logic 
Check parity 



P + 1 -> P 



T7 thru T( 
T7 thru T( 

T7 thru T( 

T7 thru T( 
T7 thru T( 
T7 thru T( 
T7 thru T( 



T7 thru Tj 



Clear S 



P13, P14 contain PI, P2 at T3 
P + 1 -»S 



Ix if Overflow 

M ~» C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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rla 






■ TrFl 


rlx 






« Tr(FlF3)(G0Ht) 


sSk 






■ 01030^050 60 6TrCd^Q:x 


Tp rAOO 






- TpEndGO 


rBOO 






- ( " ) 


sCp 






- M24CxmHtTsTp 


rF(l, 


2) 




■ TpEndSk 


sF3 






« TpSk 


Oc 






« TpEndSk 


s02 






■ Oc 


tO(l, 


3,4,5. 


,6) 


■ Oc 



Skip if (M-A<0XBDf 



Initiate- parity 
00 next if ST 
07 next if Sk 



NOP(20) ->0 
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07 T8 sla 

End 

T7 Ar3 

sA(0-2) 
rA( " ) 
sA(3-23) 

rA( " ) 
sB(0-2) 
rB< M ) . 
sB(3-23) 
rB( " ) 
Pr3 

8P0 

rPO 

sPX 

rPl 

aPa 

rP$ 

sP<3-14) 

rP( " ) 

vim 
T4 Sc 

rS (31*14) 
T3 Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3~14) 

rS( " ) 
TO rSk 

rCp 
Tr Gxm 

sC(0-23) 

rC( ." ) 

rla 

rlx 
Tp rAOO 

rBOO 

sCp 

rF(l*3) 

Oc 

s02 

rO(U3,4,5,6) 



Sk07T8@g) 


Initiate P register increment 


F1F2 


Last cycle 


(0102ff304)Ql 


• 


A(21-23)AnrAr3 


* 


X(. •• ) » 
A(0-20)Ar3 


Recirculate A T7 thru TQ 


AC " ) " 




B(21-23)BnrAr3 




B< " ) " 
B(0~20)Ar3 


Recirculate B T7 thru TQ 


T( « ) " 




(FlO0)Q2 




(Pia9P13P14la)FlGO(02050506)Pr3 

( " ) 
(P13$P14la) " 


• 




( " ) 

.( B ^> 
P(0-ll)Pr3 


P + 1 -> P T7 fchru T3 




T( " ) »• 




(WilPl3PH)Q2FX 




T4EndInr 




Sc 


Clear S 


T3IntEndGO __ 




(P13©P14Ia)F100Co555o506)Sxp 
( " « ) 


P13, P14 contain PI, P2 at T3J 


<P140U> " 


• P + 1 -»S 


( ii ) 




P(0-ll)Sxp 




¥( lr ) »• 




07TO 




feTOHtKO (F103?4?6) ?2 




EndOOtBUi (Tr+Tp ) 




M<0~23>exm 


M ~> C (Fetch next instruction) 


TrCxm 


Tr thru Tp 


Tr*l 




Tr(FlF3><GOHt) 




TpEndOO 




< " 1_ 




M24GK»HtXsXp 


Initiate parity check 


TpEndSTc 

( " ) 
Oc 


00 next clock (T8) 


- 


Oc 


NOP (20) -+0 



193 



SKD 1 



74 



SKD 



Difference Exponents and Skip 



B(15-23) - (M) (15-23) -»X( 14-23) 
If X14-0 ;P+1 -»P 2 Cycles 

If X14-l,-X ->X;P+2 -»P 3 Cycles 



00 T8 


rCz 


- 0OT8 


Initialize carry 






six 


- 0OT8C1GO 


Initialize indexing 






Oxc 


- (0OT8laGO)C2 








•0(1,3,4,5,6) 


« C(3,5,6,7,8)Oxc 


Instruction -♦0 






r02 


• C^Oxc 






T7 


Ar3 

sA(0-2) 


«* (010203042Q1 
- A(21-23)AnrAr3 








rA( " ) 


- A( " ) 


Recirculate A 


T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 








rA( " ) 


« A( " ) " 








sB(0-2) 


- B(21-23)BnrAr3 








rB( M ) 
sB(3-23) 


- B( " ) " 

- B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


« B( " J) " 








Cr3 


- FlF2(TsQl) 








sC(0-2) 


- Add(l-3)0OJuTsCr3 








rC( " ) 


- Add( " ) 


C+X-Ix ->C (Add-Kz+Yz) 


T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 








rC( " ) 


- C( " ) » 








Xz(l-3) 


- Xn(l-3)0O.»Ix 


Adder input if Ix (indexing) 




^i( " ) 


m ¥£( " )0OlX+!x 




T7 thru TO 




Yz(l-3) 
Yz( " ) 


- C(21-23)?7 

- c( "i " • 

- KzQlTO07 

- KzQl 


Adder input C register 


T7 thru TO 




sCz 
rCz 


Carry for Adder 


T7 thru T-l 




sCp 
rCp 


- (C2*$C22SC23)CpTsHtQlFlF2 
« ( " )Cp 


Check parity 


T7 thru TO 


T4 


Sc 


- T4FlF2Inr 








rS(l-14) 


a. SC. 


Clear S 




T3 


Sxc 
sS(l,2) 


- T3F1F2JU 
m Add(2,3)Sxc 


*•% » "Ut^ T __ & 






sS(3-14) 


• C(0-ll)Sxc 


CH-X # Ix -» S 




TO 


rCz 


- F1T0 






Tr 


Cxm 


• Ju0OTsm(Tr+Tp) 








sC(0-23) 


«- M(0-23)Cxm 


M -» C (Fetch Operand) 


Tr thru Tp 




rC( " ) 


« TrCxm 








sCz 


«» (Tr0O)O4O5O6 


Initiate - M into Yz 






sHt 


- CpT^rkO?! 

- Tr(Fl?3)(G0Ht) 


Parity error 






rlx 








rKO 


■ G0TrF2 






Tp 


sCp 

8F1 


- M24Cxnflt i f8Tp 
m (TpIa0O)O3O4 


Initiate parity 






sF2 


« ( " )0301 


06 next clock (T8) 
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06 T8 



T7 



T5 



T4 



T3 



Ck 


- O1O2O3O4O5OB06T8TS 






sC(0-23) 


= C(0-23)Ck 


c -» c 




rC( " ) 


- C( " ) " 






sla 


- T8FlF3(fj© 


Initiate P register 


increment 


End 


- F1F2 


Last cycle 




Xnr 


a 06010203040506 






Ar3 


= (01020l04)Ql 






sA(0-2) 


= A(21~23)AnrAr3 






rA( " ) 


= A( " ) " 






sA(3-23) 


= A(0-20)Ar3 


Recirculate A 


T7 thru TO 


rA( " ) 


- A( " ) " 






sB(0-2) 


= B(21~23)BnrAr3 






rB( » ) 


= B( " ) " 






sB(3-23) 


= B(0-20)Ar3 


Recirculate B 


T7 thru TO 


rB( " ) 


« T( " ) " 






Cr3 


» FlF3(TsQl) 






sC(0-2) 


« Add(l~3)06TsCr3 






rC( " ) 


= Add( " ) 


B + C+1-»C« 


T7 thru TO 


sC(3-23) 


- C(0-20)Cr3 


B - (M) -» C 




rC( " ) 


- C( " ) " 






Xz(l-3) 


» B (21-23) 060204 






X^( " ) 


= B( " ) " 


Adder input (B) 


T7 thru TO 


Yz(l-3) 


- C(21-23)"^7 






Yz( " ) 


= C( " ) " 


Adder input (C) 


T7 thru TO 


sCz 


= KzQlFl#7 






rCz 


= KzQl 


Carry logic 


T7 thru TO 


sCp 


« (C21S:22^C23)CpTsHtQ106O3 






rCp 


- ( " )Cp 


Check parity 


T7 thru TO 


Pr3 


- (F1G0)Q2 






sPO 


= (P123£13P14Ia)FlGO (02040506) Pr3 




rPO 


- ( " ~) 






sPl 


= (P13jP14la) " 






rPl 


= ( " ) 






sP2 


= (P14&ta) " 


P + 1 -»P 


T7 thru T3 


rP2 


- ( " ) 






sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 


»T( " ) " 






rla 


= (P12P13P14)Q2F1 






sXw(l~3) 


» Add(l-3)06O1O2O3O4O5O^F1 






rXw( " ) 


■ A33( " ) ." 


B - (M) -» X ' 


T7 thru TO 


six 


« 06OST5Ofe 






Ofe 


« AddlXzlYzl+AddlXzlYzl 


Overflow of X15 into 


X14 


Sc 


» T4EndInr 


, 




rS(l-14) 


- Sc 


Clear S 




sSk 


= 06OlO2O3O4O5O£T4(C03ftx) 


Sk if X14 ® Of 




Sxp 


= T3IntEndG0 






sSl 


= (P13$Pl4Ia)FlGO(0204O506)S>sp 




rSl 


= ( " ) 


P13, P14 contain PI, 


P2 at T3 


sS2 


= (P14©Ea) 


P + 1 -»S 




rS2 


- ( " ) 
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Tr 



Tp 



sS(3-14) 


■ P(0-ll)Sxp 


rS( " ) 


- P~( " ) " 


Cxm 


- EndGOTsm(Tr+Tp) 


sC(0-23) 


* M(0-23)Cxm 


rC( " ) 


= TrCxm 


sHt 


= CpTr@K0p" 


rla 


= TrFl 


rlx 


= Tr(FlF3)(GOHt) 


rAOO 


= TpEndGO 


rBOO 


« ( " ) 


sCp 


= M24CxmHtTsTp 


rF(l,2) 


= TpEndSk 


sF3 


= TpSk 


Oc 


= TpEndSk 


s02 


= Oc 



M -> C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Initiate parity 
00 next if Sic 
07 next if Sk 



rO(l,3,4,5,6) = Oc 



NOP (20) -»0 
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07 T8 



T7 



T4 



T3 



TO 



Tr 



Tp 



End 


» F1F2 


Last cycle 


sHz 


- T8 


Initiate - X -* X 


sla 


= T8Sk07©|£> 


Initiate P register increment 


Xnr 


s 0304050607 




Ar3 


= (01020304) Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 
sA(3-23) 


» A( " ) " 
» A(0-20)Ar3 


Recirculate A T7 thru TO 


rA( " ) 


« A"( " ) " 




sB(0-2) 


« B(21-23)BnrAr3 




rB( " ) 
sB(3-23) 


» B(0-20)Ar3 


Recirculate B T7 thru TO 


rB( " ) 


- B( " ) " 




Pr3 


« (F1G0)Q2 




sPO 


= (P129P13P14Ia)FlC30(020^0306)Pr3 




rPO 


- ( " ~) 




sPl 


» (P13$P14la) " 




rPl 


- (Pl^La) 




sP2 


P + 1 -> P T7 thru T3 


rP2 


- ( " ) 




sP.(3-14) 


= P(0-ll)Pr3 




rP( " ) 


= T( " ) " 




rla 


- (pT2p13TO)Q2F1 




sXw(l-3) 


« Ha(l-3)O3O4O5O607Ts 


x + i ~»x - T7 thru T0 


rXw( " ) 


- Ha( " ) 


Hx(l-3) 


- Xn(l-3)03 


- X -»X 


Ex( " ) 


- Xn( " ) " 




Sc 


■ T4EndInr 




rS(l~14) 


= Sc 


Clear S 


Sxp 


= T3lntEndG0 




sSl 


= (P13(3£>14Ia) F1G0 (0204050 6) Sxp 




rSl 


- ( " ) 


P13, P14 contain Pi, P2 at T3 


sS2 


= (P14$La) 


P + 1 ->S 


rS2 


- ( """) 




sS(3-14) 


= P(0-ll)Sxp 




rS( " ) 


= T( " ) " 




rCp 


« TsTOHtKO(FlO3^4p)02 




rSk 


= 07TO 




Cxm 


- EndGOTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 


M -> C (Fetch next instruction) 


rC( " ) 


» TrCxm 


Tr thru Tp 


rla 


= TrFl 




rlx 


= Tr(FlF3)(GDHt) 




rAOO 


= TpEndGO 




rBOO 


= ( " ) 




sGp 


■ M24CxmHtTsTp 


Parity error 


rF(l-3) 


« TpEndSk 


00 next clock (T8) 


Oc 


- ( " ) 




s02 


- Oc 




rO(l,3,4,5,6) 


a OC 


NOP (20) -»0 
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LDB 



Load B 



(M) -»B 



2 Cycles 



00 T8 


rCz 


- 0OT8 


Initialize carry- 




six 


- 0OT8C1GO 


Initialize indexing 




Oxc 


- (0OT8IaGO)C2 






80(1,3,4,5,6) 


- C('3,5,6,7,8)Oxc 


Instruction -* 




r02 


■ C&Oxc 




T7 


Ar3 


■ (01020304) Ql 






sA(0-2) 


= A(21-23)AnrAr3 






rA( " ) 


- A( " ) 


Recirculate A T7 thru TO 




sA(3-23) 


- A(0-20)Ar3 






rA( " ) 


- A( " ) " 






sB(0-2) 


■ B(21-23)BnrAr3 






rB( " ) 
sB(3-23) 


- B( " ) 

- B(0-20)Ar3 


Recirculate B T7 thru TO 




rB( " ) 


» B( " ) " 






Cr3 


» FlF2(fsQl) 






sC(0-2) 


- Add(l-3)0OJuTsCr3 






rC( " ) 


- Add( " ) 


C+X-Ix -*C (Add~Xz+Yz) T7 thru TO 




sC(3-23) 


- C(0-20)Cr3 






rC( " ) 


- C( " ) " 






Xz(l~3) 


- Xn(l-3)0O*Ix 


Adder input if Ix (indexing) 




Xz( " ) 


« 3Cn( " )0Olx+Ix 


T7 thru TO 




Yz(l-3) 
Yz( » ) 


- C(21-23)«T7 

- KzQlTOflf? 

■* KzQl 


Adder input (C) T7 thru TO 




sCz 
rCz 


Carry for Adder T7 thru Tl 




sCp 
rCp 


- (C2X3fc22$C23)CpTsHtQlFlF2 

- ( " )Cp 


Check parity T7 thru TO 


T4 


Sc 


o T4FlF2Inr 






rS(l-14) 


■ Sc 


Clear S 


T3 


Sxc 


■ T3F1F2JU 






sS(l,2) 


» Add (2,3) Sxc 






sS(3-14) 


a C(0-11)SXC 


C+X» Ix -* S 


TO 


rCz 


« F1T0 




Tr 


Cxm 


« Ju0OTsm(Tr+Tp) 






sC(0-23) 


« M(0-23)Cxm 


M -> C (Fetch Operand) Tr thru Tp 




rC( " ) 


■ TrCxm 






sCz 


» (Tr0O)O2O3 






sHt 


- CpTijgkpSJ 


Parity error 




rlx 


- Tr(FT1F5)(GdHt) 






rKO 


* GOTrF2 




Tp 


sCp 


« M24CxmfItTsTp 


Initiate parity 




sFl 


m (TpIa0O)O3O4 






sF2 


- ( " )0301 


06 next clock (T8) 
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LDB 2 



06 T8 


Bnr 


- O1O2O3O455O606 






sla 


» T8F1IKJ3© 


Initiate P register increment 




End 


- F1F2 _ 


Last cycle 


T7 


Ar3 


« (01020304)Q1 






sA(0-2) 


» A( 21-23) AnrAr3 






rA( » ) 
sA(3-23) 


- A( " ) 

- A(0-20)Ar3 


Recirculate A T7 thru TO 




rA( •' ) 


- X( " ) " 






sB(0-2) 


- OlO2O3O4O5O6Ar306C(21-23) 






rB( " ) 
sB(3-23) 


« B(0-20)Ar3 


(M) -»B T7 thru TO 




rB( •' ) 


«TT( " ) " 






Cr3 


■* FlFl(T"sQl) 






sC(0-2) 


- Add(l-3)06TsCr3 






rC( M ) 


« rare " ) 


■ B + C -» C T7 thru TO 




sC(3-23) 


« C(0-20)Cr3 






rC( " ) 


- C( " ) " 






Xz(l-3) 


- B(21-23)06O2O4 






x£( " ) 
Yz(l-3) 


-B( " ) 
« C(21-23)jJ7 


Unused adder inputs T7 thru TO 




Yz( " ) 


«£"(»') " 






sCe 


- K«Q1F1?F7 






rCz 


« KzQl 


Carry logic T7 thru TO 




sCp 
rCp 


- (C21©C2a9C23)^pfs3tQ106O3 

- ( " )Cp " 


Check parity T7 thru TO 




Pr3 


- (F1G0)Q2 *««— r— 






sPO 


* (Pia®?13P14Ia)FlGO(02040506)Pr3 






rPO 


- ( " ) 






sPl 


- (P13©P14Ia) " 






rPl 


» ( . " ) « 






sP2 


- (Pl^-fctta) 


P + 1 -+ P T7 thru T3 




rP2 


« ( " ) 






sP(3-14) 


- P(0-ll)Pr3 






rP( " ) 
ria 


- T(. " ) " 






- (p!2P13pU)Q2F1 




T4 


Sc 


« T4EadInr 






rS(l-14) 


» Sc 


Clear S 


T3 


Sxp 


» T3^ntEndG0 






sSl 


« (P139P14Ia)FlGO(02040506)SxF 






rSl 


- ( " ) " 






sS2 


- (PlAQLa) 


P + 1 ~>S 




rS2 








sS(3-14) 


m P(0-11)SXP 






rS( » ) 


« P( " ^ " 




Tr 


Cxm 


- EndGOTsm(Tr+Tp) 






sC(0-23) 


« M(0-23)Cxm 


M -* C (Fetch next instruction) 




rC( " ) 


■ TrCxm 


Tr thru Tp 




sHt 


» CpTr@?5^2 


Parity error 
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LDB 3 



Tp 



rla 




- TrFl^_ __ 


rlx 




- Tr(FlF3)(GOHt) 


rAOO 




« TpEndGO 


rBOO 




- ( " 1 


sCp 




- M24CxmHtTsTp 


rP(l,2) 




- TpEndSk 


Oc 




- ( " ) 


s02 




a OC 


rO(l,3,4,5, 


p*> 


- Oc 



Initiate parity 
00 next clock (T8) 

NOP (20) -*0 
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ldA i 



76 



LDA 



Load A 



(M) -*A 



2 Cycles 



00 



T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




80(1,3,4,5,6) 


« 0(3,5,6,7,8)0x0 




r02 


■ c5oxc 


T7 


Ar3 


» (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


- A( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


« A( " ) M 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


a B( " ) " 




sB(3-23) 


■ B(0-20)Ar3 




rB( " ) 


- B( ■" ) " 




Cr3 


- FlF2(TsQl) 




sC(0-2) 


- Add(l~3)0OJuTsCr3 




rC( " ) 


m JM( " ) " 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


a C( " ) " 




Xz(l-3) 


* Xn(l-3)0O\Ix 




x£( " ) 


» "5Cn( " )0Olx+Ix 




Yz(l-3) 


« 0(21-23)^7 




Yz( » ) 


- C( M " 
a KzQlTO07 




sCz 




rCz 


a KzQl 




sCp 


- (C2K$C229C23)CpTsHtQlFlF2 




rCp 


« ( " )Cp 


T4 


Sc 


- T4FlF2Inr 




rS(l-14) 


m SC 


T3 


Sxc 


- T3F1F2JU 




sS(l,2) 


» Add (2, 3) Sxc 




sS(3-14) 


a C(0-11)SXC 


TO 


rCz 


- fIto 


Tr 


Cxra 


» Ju0OTsra(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


- TrCxm 




sCz 


« (Tr0O)O2O3 




sHt 


- CpTxfcJKOj? „ 




rlx 


» T*(lflp)(G0Ht) 




rKO 


« G0TrF2 


Tp 


sCp 


- M24CxmfftfsTp 




8F1 


- (TpIa0O)O3O4 




sF2 


» ( " )0301 



Initialize carry 
Initialize indexing 

Instruction -+ 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X-Ix -*C (Add-OCz+Yz) T7 thru TO 



Adder input if Ix (indexing) 

T7 thru TO 



Parity error 

Initiate parity 
06 next clock (T8) 



T7 thru TO 
T7 thru Tl 
T7 thru TO 



Adder input (C) 
Carry for Adder 
Check parity 
•Clear S 

C+X«Ix -+S 



M -4 C (Fetch Operand) Tr thru Tp 
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LDA 1 



06 T8 



T7 



T4 



T3 



Tr 



Anr 

sla 

End 

Ar3 

sA(0«2) 

rA( " ) 

sA(3-23) 

rA( » ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sC(0-2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xz(l-3) 

Xi( " ) 
Yz(l-3) 

**< " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( " ) 

rla 

Sc 

rS(l-14) 

Sxp 

sSl 

rSl 

sS2 

rS2 

sS(3-14) 

rS( " ) 

Cxm 

sC(0-23) 

rC( " ) 

sHt 



01020304050606 
T8F1FKJ3© 
F 1F2 

(0102o304)Ql 
C(21-23)O1O2O3O4O50506 
7T( " ) 
A(0-20)Ar3 
X( " ) " 
B(21-23)BnrAr3 
¥( " ) » 
B(0-20)Ar3 
"E( " ) " 
FlFl(TsQl)_ 
Add(l-3)06TsCr3 
XSd'C " ) 
C(0-20)Cr3 
C~( " ) " 
B(21-23)06O2O4 
"B( " ) " 
C(21-23)(?7 
F( " ) " ■ 
KzQlFl£7 
KzQl 
C2 1©C22©C23 ) CpfsfftQ106O3 
)Cp 

F1G0)Q2 _■■■■» 

P12©P13P14Ia)FlGO(O2O403O6)Pr3 



Initiate P register increment 
Last cycle 



) 
P13fflPl4Ia) 

"^ ) 

Pl^BLa) 

-"") 
P(0-ll)Pr3 

T( " ) " 

(p12p13pU)Q2fi 

T4EndInr 

Sc 

T3IntEndG0 . 

(P139P14Ia)FlG0(?nrofflE06)Sxp 

( "~ ~) 

(P14©U) 

( "■"> 

P(0-ll)*Sxp 

T( " ) " 

EndGOTsm (Tr+Tp) 

M(0-23)Cxm 

TrCxm 

cpTxQ£5<T3 



(M) ~»A 
Recirculate B 

A+ C ~)C 

Unused adder inputs 

Carry logic 
Check parity 



P + 1 ~»P 



Clear S 



P + 1 ->S 



T7 thru TO 
T7 thru TO 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 tfiru TO 



T7 thru T3 



M -* C (Fetch next instruction> 

Tr thru Tp 
Parity error 
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LDA 3 



Tp 



rla 




» TrFj^ __ 


rlx 




« Tr(FlF3)(GOHt) 


rAOO 




« TpEndGO 


rBOO 




- ( " 2 


sCp 




« M24CxmHtTsTp 


rF(l,2) 




■» XpEndSk 


Oc 




- ( " ) 


s02 




a OC 


^(1,3,4,5, 


,6) 


n OC 



Initiate parity 
00 next clock (T8) 



NOP (20) 



203 



EAX 1 



77 



EAX 



Effective Address to X 



M -»X 



2 Cycles 



00 



T8 


rCz 


- 0OT8 




sEax 


- (0OT8IaGO)C3C4C5C6C7C8C9 




six 


- 0OT8C1GO 




Oxc 


» (0OT8IaGO)C2 




80(1,3,4,5,6) 


- C(3,5,6,7,8)0xc 




r02 


= c5bxc 


T7 


Ar3 


= (010 20304) Ql 




sA(0-2) 


« A(21-23)AnrAr3 




rA( " ) 


«A( " ) 




sA(3-23) 


« A(0-20)Ar3 




rA( " ) 


»T( " ) " 




sB(0-2) 


« B (21-23) BnrAr3 




rB( " ) 


«"B*( " ) 




sB(3~23) 


- B(0-20)Ar3 




rB( " ) 


- B( " J_ " 




Cr3 


- FlF2(TsQl) 




sC(0-2) 


■ Add(l-3)0OJuTsCr3 




rC( " ) 


- Add( " ) " 




sC(3-23) 


a C(0-20)Cr3 




rC( " ) 


- "C( " ) " 




Xz(l-3) 


« Xn(l-3)0O-Ix 




S( » ) 


a Xn( " )0OIx+Ix 




Yz(l-3). 


= C(21-23)07 




Yz~( » ) 


* c"( " J." 
« KzQlT0?7 




sCz 




rCz 


= KzQl 




sCp 


a (C2lSC23SC23)CpTsHtQlFlF2 




rCp 


= ( » )C P 




Xnr 


= EaxJuT 




sX(0-2) 


= ( " )Add(l-3)Q6 




rX( " ) 


a ( » )Add( " ) " 


T4 


Sc 


= T4FlF2Inr 




rS(l-14) 


a SC 


T3 


rEax 


a JuT3 




Sxc 


a T3F1F2JU 




sS(l,2) 


= Add(2,3)Sxc 




sS(3-14) 


= C(0-ll)Sxc 




sXwl 


a EaxQ6Xnl 




rXwl 


« EaxQ6Xnl 


T2 


sXw(l-3) 


a Xn(l-3)Xnr 




rXw( " ) 


« Xn( " ) " 


TO 


rCz 


a F1T0 


Tr 


Cxm 


a Ju0OTsm(Tr+Tp) 




sC(0-23) 


« M(0-23)Cxm 




rC( " ) 


a TrCxm 




sCz 


« (Tr0O)O2O3 



Initialize indexing 
Instruction *-» 

Recirculate A 
Recirculate B 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 

C + X'lx -»X 
Clear S 

C + X- Ix -» S 
Recirculate X10 
Recirculate X 



T7 thru TO 



T7 thru TO 



C+X- Ix -» C (AddaXz+Yz) T7 thru TO 



T7 thru TO 
T7 thru TO 
T7 thru Tl 
T7 thru TO 

T7 thru T3 



T2 on 



M -> C (Fetch operand) Tr thru Tp 
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EAX 2 



sHt 


a CpTi(KgKO(j2 


rlx 


« Tr(1TF3) (S5Ht) 


rKO 


» GOTr __ 


Tp sCp 


■ M24CxmHtTsTp 


sFl 


- (TpIa0O)O3O4 


sF2 


a ( " )0301 



Parity error 

Initiate parity 
06 next clock (T8) 
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EAX 3 



06 T8 



T7 



T4 



13 



Tt 



sla 

Bnd 

Ar3 

aA(0-2) 

rA( M ) 

sA(3~23) 

rA( •' ) 

aB(0-2) 

rB< w ) 

»B(3-23) 

r»( " ) 

Cr3 

sC(0-2) 

rC< M ) 

8U023) 

*$< n ) 

*fc(l-3) 
I«( M ) 
Ya(l-3) 



) 



7*{ 

sCs 

rC* 

sCp 

rCp 

Pr3 

aPO 

rPO 

•PI 

rPl 

aP2 

rP2 

•P(3-14) 

rP( M ) 

rla 

Sc 

rS(l-U) 

Sxp 

aSl 

rSl 

sS2 

rS2 

a*(3-X4) 

r»( " ) 

Qkjb 

•C(0~23) 

rC( « ) 
•Ht 



« T8P1F3Q© 

- F 1F2 

- (OlQ2050 4)Q l 

« A(21-23)AnrAr3 

-I( " ) " 

- A(0-20)Ar3 

- X( " ) " 

- B(21-23)BnrAr3 
-T( " ) " 

• B(0-20)Ar3 

• *&( " ) " 

• fif1(TsQ1)_ 

- Add(l~3)06TaCr3 

• X3*( M ) •' 
m C(0-20)Cr3 

• C( " ) " 

-> A(21»23)06O5O4 
«T( " ) •• 

• C(21-23>97 
m r< " ) " 

• KaQlFl&t 

- KsQl 

- (C21&:22$C23)€pTsRtQ106O3 

- ( " )Cp 
« (F1G0)Q2 

- (Pl»13P14Ia)FlGO(02O403O6)Pr3 

- ( " > 

• (PUftfca) 

- P(0-ll)Pr3 
„y; ii ^ •• 

- <H&l»H>Q2Pl 

■ T4EndInr 

■ T3IntfcidG0 

- (Pl3^14Ia)FlGO(B555B556)Sxp 

- ( " ) 

- (E lApla ) 

- (" "' ) ,,: 

- P(0-U)Sxp 
-T( •• JJ' 

- BttdGOfSnCTiMflCp) 

• N(0^23)Cxn 
» TrCxm 

• cptxQfW! 



Initiate F regiatet increment 
Laat cycle 



Recirculate A 
Recirculate B 

A + C -»C 

Unuaed add ex input a 

Carry logic 
Check parity 



T7 thru TO 
T7 thru TO 

17 thru TO 

T7 thru TO 

T7 thru TCyHl^ 
T7 thru TO 



P + 1 -*P 



T7 thru T3 



Clear S 



P + US 



M -♦ C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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EAX 4 



Tp 



rla 




■ TrF^ rj-B 


rlx 




- Tr(FlF3)(G0Ht) 


rAOO 




« TpEndGO 


rBOO 




- ( "I 


sCp 




- M24CxmHtTsTp 


rF(l,2) 




- TpEndSk 


Oc 




- ( " ) 


s02 




a OC 


1:0(1,3,4,5, 


,6) 


m OC 



Initiate parity 
00 next clock (T8) 



NOP (20) 
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PROG OPER 1 



Programmed Operator (C2) 



P -» Location 
C(2-8) -»P 



2 Cycles 



00 T8 



T7 



T5 
T4 

T3 

T2 

Tl 

TO 



Tr 
Tp 



rCz 

sEax 

sJu 

Ar3 

sA(0-2) 

rA( " ) 

sA(3-23) 

rA( " ) 

sB(0-2) 

rB( " ) 

sB(3-23) 

rB( " ) 

Cr3 

sCO 

rCO 

sC(l,2) 

rC( " ) 

sC(3-23) 

rC( " ) 

Xi"(l-3) 

Yz(l~3) 

7z"( " ) 

sCz 

rCz 

sCp 

rCp 

Mxc 

Pr3 

sP(0-2) 

rP( " ) 

sP(3-14) 

rP( " ) 

sP2 

Sc 

rS(l-14) 

sCO 

rM(0-24) 

sC(0-2) 

rC( " ) 

sC(0-2) 

rC( " ) 

rCz 

sCO 

rCO 

rC(l,2) 

sHt 

rEax 

sF(l-3) 

rJu 

sM(0-24) 



= 0OT8 

= HGOC20OT8 



- (01020304)Q1 

= A(21-23)AnrAr3 
= A( " ) 
« A(0-20)Ar3 

- A( " ) " 

= B (21-23) BnrAr3 

- B( " ) 

= B(0-20)Ar3 
« B( " ) " 

« hf2Tsqi_ 

■ (P12)JuTsCr3Qo" 

_ /— TT-\ II 

= P(13,14)JufsCr3Q2 
= P( " ) 

- C(0-20)Cr3 

- C< " ) " 
= Ix 

- £(21-23)^7 

- C < " J." 
= KzjJ7QlT0 

■ KzQl 

■ (C2]@C22®C23)Cp?iHtFlF2Ql 

- ( " )Cp 

- EaxTsm 
a JuQ2 

■ C(6-8)Eax(T6+T7)Pr3 

- C"( » ) 

= j?(0-ll)Pr3 
= P( " ) " 
= EaxT5 

■ InrFlF2T4 
« Sc 

= fsEaxCr3T3 

« T3 

= E2m(0-2)(JuTsCr3)T2 

- E2m( " )( " ) " 
= E3m(0-2)(JuT?Cr3)Tl 

= E3m( " )( " ) " 

= F1T0 

» Of(JuTsCr3)T0 

- Of (_ " ) " 

- (JuTsCr3)T0 

- CpT3@KOGT2 
» Tp 

■ EaxTp 

- Tp 

= C(0-24)MxcTp 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



T7 thru Tl 

T7 thru TO 
T7 thru Tp 



T7 thru T6 



P(l-14) -> C(10-23) T7 thru T3 

Adder input (C) 
Carry logic 
Check parity 

C(3-8) ->P 

C2 ->P 

Clear S 
C9 set 

Contents of Bank Register 2 ~» C(6-8) 
Contents of Bank Register 3 -> C(3-5) 

Sign of C « Of 

No input to CI, 2 
Parity error 

07 next cycle (T8) 

C -*M(P -» Location 0) 
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PROG OPER 1 



07 



T8 


End 


- F1F2 




Last cycle 


T7 


Ar3 
sA(0-2) 


- (0102010420,1 

- A(21-23)AnrAr3 








rA( " ) 
sA(3-23) 


- A( " ) 
« A(0-20)Ar3 




Recirculate A 




rA( » ) 


- A( » ) •• 








sB(0-2) 


- B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


- B( " ) " 

- B(0-20)Ar3 




Recirculate B 




rB( " ) 


- B( " ) " 








Pr3 


- F1G0Q2 








sP(0-2) 


- P(12-14)IaFlGO(556l0506)Pr3 






rP( " ) 
sP(3-14) 


«P( " ) " ( 

- P(0-ll)Pr3 


II \ II 


Recirculate P 




rP( " ) 


m F( " ) " 






T4 


Sc 


- T4EndInr 








rS(l-14) 


= Sc 




Clear S 


T3 


Sxp 


- T3IntEndG0 








sS(l,2) 
rS( " ) 


« P(13 > 14)IaFlGO(S5ol0506)Sxp 
«£( " ) " ( . " ) M 


P(13,14) contai 




sS(3-14) 


- P (0-11) Sxp 




P -* S 




rS( ■' ) 


» P( " ) •• 






TO 


rSk 


- 07TO 






Tr 
Tp 


Cxm 

sC(0-23) 

rC( " ) 

rla 

rlx 

rAOO 

rBOO 


« EndGOTsm(Tr+Tp) 
« M(0-23)Cxm 

■ TrCxm 

- FIT* ^ 

- Tr(FlF3)(G0Ht) 

■ TpEndGO 
« TpEndGO 




M -» C (Fetch ne 




sCp 


* M24CxmHtTsTp 




Initiate parity 




rF(l-3) 


« TpEndSk 




00 next 




Oc 


« TpEndSk 








s02 


« Oc 




NOP (20) -*0 




rO(l,3,4,5,6) 


m OC 







T7 thru TO 



T7 thru TO 



T7 thru T3 



Tr thru Tp 
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IND ADDR 1 



Indirect Addressing, 1 Level (la) (M) -» P 



1 Cycle 



00 



T8 


rCz 


= 0OT8 




sHz 


« T8 




sla 


« C2C9(C5+C8+C3C4)0OT8 




six 


= C1GO0OT8 




Oxc 


» IaGOC20OT8 




sO(l,3,4,5,6) 


- C(3 A 5,6,7,8)Oxc 




r02 
Ar3 


= 0xcC4 


T7 


= (05F1F2+(01020304) )Q1 




sA(0-2) 


= A( 21-23) AnrAr3 




rA( " ) 


= X( " ) 




sA(3-23) 


= A(0-20)Ar3 




rA( " ) 


-X( " ) " 




sB(0-2) 


= B ( 21-23) BnrAr3 




rB( »' ) 


= B( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


= ¥( " ) " 




Cr3 


= TS0OQ1 




sC(0-2) 


= Add(l-3)Cr3JuTs 




rC( " ) 


= Add( " ) 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


- C( " ) » 




sCp 


■ (C2]SC22®C23)CpT~sHtQlFlF2 




rCp 


- ( " )Cp 




Xz(l-3) 


= Xn(l-3)0OIx 




Xi( " ) 


» Xn( " )0OIx+Ix 




Yz(l-3) 


= C(21-23)$7 




7z( » ) 


- C( " ) " 




sCz 


« KzQlTO" 




rCz 


« KzQl 


T4 


Sc 


= InrFlF2T4 




rS(l-U) 


= Sc 


T3 


Sxc 


= JuT3 




sS(l,2) 


= Add(2,3)Sxc 




sS(3~14) 


« C(0-11)SXC 


TO 


rCz 


- fIto 


Tr 


Cxm 


■ JuTsm(Tr+Tp) 




sC(0-23) 


= M(0-23)Cxm 




rC( " ) 


« CxmTr 




sHt 
rlx 


= CpTr@K0j2_ 
= (FlF3)(5SHt)Tr 




rRc 


■ Tr 


Tp 


sCp 


= M24CxnStTsTp 



Initialize indexing 

C(3-8) -» instruction to register 

(All instructions except 66 & 67) 



Recirculate A 



Recirculate B 



C + X-Ix -»C 



T7 thru TO 



T7 thru TO 



T7 thru TO 



Oxc is inhibited for next cycle because the 
and is now ready to be executed. 



Parity check T7 thru TO 

Xz input to adder (X»Ix) 

T7 thru Tp 

Yz input to adder (C) T7 thru Tp 
Carry logic T7 thru Tl 

CI. ear u 

C(10-23) ->S 

M -» C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
instruction is already in the register 
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IND ADDR 2 



Indirect Addressing, 2 Levels (la) ((M)) -* P 



2 Cycles 



00 



T8 


rCz 


■ 0OT8 




sHz 


« T8 




sla 


« C2C9(C5+C8+C3C4)0OT8 




six 


« C1GO0OT8 




Oxc 


a HGO6Z0OT8 




sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


» OxcC4 


T7 


Ar3 


a (05FlF2+(01020504))Ql 




sA(0-2) 


« A(21«23)AnrAr3 




rA( " ) 


= X( " ) " 




sA(3-23) 


= A(0-20)Ar3 




rA( » ) 


«X( " ) » 




sB(0-2) 


« B(21-23)lnrAr3 




rB( » ) 


«TT( » ) " 




sB(3-23) 


« B(0~20)Ar3 




rB( " ) 


a"B( " ) " 




Cr3 


a TI0OQ1 




sC(0-2) 


a Add(l«3)Cr3JuTi 




rC( " ) 


= JM{ " ) 




sC(3~23) 


a C(0~20)Cr3 




rC( " ) 


a C< " ) " 




sCp 


a (C23@C2^C23)CpTsHtQlFlF2 




rCp 


a ( » )Cp 




Xz(l-3) 


a Xn(l-3)0OIx 




Xz( " ) 


= Xn( " )0OIx+Ix 




Yz(l-3) 


a C(21-23)#7 




Yz( " ) 


- C ( » ) " 




sCz 


a KzQITO" 




rCz 


a KzQl 


T4 


Sc 


a IHrFltlT4 




rS(l-14) 


a SC 


T3 


Sxc 


a JuT3 




sS(l,2) 


a Add(2,3)Sxc 




sS(3-14) 


= C(0-11)SXC 


TO 


rCz 


a FLTO 


Tr 


Cxm 


a JuTsm(Tr+Tp) 




sC(0-23) 


a M(0-23)Cxm 




rC( " ) 


a CxmTr 




sHt 


= CpTi^KOp 




rlx 


a (FlF3)(G0Ht)Tr 




rRc 


a Tr 


Tp 


sCp 


a M24CxmfftfsTp 



Initialize indexing 

C(3-8) -»0 instruction to register 

(All instructions except 66 & 67) 



Recirculate A 



Recirculate B 



C + X-Ix -»C 



T7 thru TO 



T7 thru TO 



T7 thru TO 



Parity check T7 thru TO 

Xz input to adder (X*Ix) 

T7 thru Tp 

Yz input to adder (C) T7 thru Tp 
Carry logic T7 thru Tl 

Clear S 

C(10-23) -»S 

M -»C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
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INB ADDR 3 



00 



T8 


rCz 


= O0T8 








sHz 


= T8 








sla 


= C2C9(C5+C8+C3C4)00T8 








rla 


= O0T8C9Ia 








six 


- C1GO0OT8 


Initialize indexing 




T7 


Ar3 

sA(0-2) 
rA( " ) 


- (05flF2+(0l020304))Ql 
■ A(21-23)£nrAr3 

- X( " ) " 


(All instructions except 


66 6c 67) 




sA(3~23) 


- A(0-20)Ar3 


Recirculate A 


T7 thru TO 




rA( " ) 


-T( " ) " 








sB(0-2) 


■ B (21-23) BnrAr3 








rB( " ) 


-T( " ) " 








sB(3-23) 


= B(0-20)Ar3 


Recirculate B 


T7 thru TO 




rB( " ) 


-T( " ) " 








Cr3 


■ Ts0OQl 








sC(0-2) 


- Add(l-3)Cr3JuTs 








rC( " ) 


- A3cT( » ) 


C + X«Ix ->C 


T7 thru TO 




sC(3-*23) 


- C(0~20)Cr3 








rC( " ) 


- rc " ) n 








sCp 


- (C21®C22$C23)CpTsHtQlFlF2 








rCp 


= ( » )Cp 


Parity check 


T7 thru TO 




Xz(l-3) 


- Xn(l-3)0OIx 


Xz input to adder (X-Ix) 






3E( » ) 


■ Xn( " )0OIx+Ix 




T7 thru Tp 




Yz(l-3) 


- C(21-23)#7 








Yz( " ) 


- C( " ) " 


Yz input to adder (C) 


T7 thru Tp 




sCz 


« KzQITO 








rCz 


- KzQl 


Carry logic 


T7 thru Tl 


T4 


Sc 


- InrFlF2T4 








rS(l-14) 


- Sc 


Clear S 




T3 


Sxc 
sS(l,2) 


= JuT3 

« Add(2,3)Sxc 








sS(3-14) 


« C(0-ll)Sxc 


C(10-23) -» S 




TO 


rCz 


» F1T0 






Tr 


Cxm 
sC(0-23) 


■ Jufsm(Tr+Tp) 
« M(0-23)Cxm 








rC( " ) 


- CxmTr 


M -* C (Fetch operand) 


Tr thru Tp 




sHt 


» CpTi*$Cp)KLW 


Parity error 






rlx 


- (PlF3)(GDHt)Tr 








rRc 


■ Tr 






Tp 


sCp 


» M24CxmHtTsTp 


Initiate parity 





Oxc is inhibited for next cycle because the instruction is already in the register 
and is now ready to be executed. 
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REG SEL 1 



A Register Selection - Computer in "IDLE" (GOHt) with C Register Selected 



00 T8 



05 T7 



T4 



Tr 



Tp 



rC24 


= T8(TsTsr) 


rCz 


» 0OT8 


sFl 


= T8G0 


sF3 
rHt 


- T8GO 

= T8gl@CpG0 


sHz 


= T8 


Ar3 


= (01020l04)Ql 


sA(0-2) 


- A(21-23)AnrAr3 


rA( " ) 


=A( » ) " 


sA(3-23) 


- A(0-20)Ar3 


rA( " ) 


- A( » ) " 


sB(0-2) 


« B(21-23)BnrAr3 


rB( » ) 


- B( " ) 


sB(3-23) 


» B(0-20)Ar3 


rB( " ) 


= B( " ) " 


End 


- 05(AOO+GO) 


sXw(l-3) 


= Xn(l-3)Xnr 


rXw( " ) 


= XH( " ) " 


Sc 


= T4(End+FlF2)Inr 


rS(l-U) 


= Sc 


rla 


a TrFl 


rlx 


= Tr(FlF3)(GOHt) 


rRc 


= Tr 


rFl 


= TpEndSk 


rF3 


- ( " ) 


rRf 


= Tp^l(GOHt) 


rJu 


= Tp 


Oc 


= TpEndSk" 


r0(l,3,4,5,6) 


= Oc 


s02 


= Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



00 next clock (T8) 



NOP (20) -»0 



T7 thru TO 



T7 thru TO 



The C register is being displayed. The following shows what takes place 
when the Register Selector Switch is placed on A* 



Q) 



(ka) en eludes (Ka 

(Kb) 

iKc) " £Q 

*Kx/ " (K: 






ft» s - 



~y 




> '■ 



0— 
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Register 

Selector 

Switch 
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REG SEL 2 



00 T8 



05 T7 



T4 



Tr 



Tp 



rC24 


- T8(TsTsr) 


rCz 


« 0OT8 


sFl 


- T8G0 


sF3 


" T8 §8^ 


rHt 


- T8@©Cp50 


sHz 


» T8 


Ar3 


- (0102"0304)Q1 


sA(0-2) 


= A(21-23)AnrAr3 


rA( •' ) 


-TR » ) " 


sA(3-23) 


- A(0-20)Ar3 


rA( » ) 


-T( " ) " 


sB(0-2) 


« B(21-23)BnrAr3 


rB( » ) 


-T( " ) 


sB(3-23) 


- B(0~20)Ar3 


rB( » ) 


«~F( *• ) M 


End 


= 05(AOO+GO) 


sXw(l-3) 


- Xn(l-3)Xnr 


rXw( " ) 


-"EC " ) " 


Sc 


■ T4(End+FlF2)Inr 


rS(l-14) 


- Sc 


rla 


- TrFl 


rlx 


- Tr(FlF3)(G0Ht) 


rRc 


« Tr 


sEx 


- (TsTpGOHt)AOO^y^ 


rFl 


■ TpEndSlc 


rF3 
rRf 


■ ( "J— 
- TpftI(GOHt) 


rJu 


* Tp __ 


0c 


« TpEndSk 


10(1,3,4,5,6) 


m Oc 


s02 


- Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



initiate exchange between A and C 
00 next clock (T8) 



NOP (20) ->0 
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REG SEL 3 



00 T8 


rC24 


- T8(TsTsr) 




rCz 


« 0OT8 




sFl 


* T8GO 




sF3 


» T8GO 




rHt 


- T8@g)CpGO 




sHz 
Ar3 


■» T8 


05 T7 


- (01020304)Q1 




Anr 


« e*© _ 




sA(0-2) 


= C(21-23)E3%Kr3 




rA( " ) 


-C( " ) " 




sA(3-23) 


■ A(0-20)Ar3 




rA( " ) 


*X( " ) " 




sB(0-2) 


= B(21-23)BnrAr3 




rB( " ) 


-T( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


« B( " ) " 




Cr3 


= Ex(TsQl) ^^^ 




sC(0-2) 


- A(21-23)Ej4#sCr3 




rC( " ) 


= X( " ) 




sC(3~23) 


- C(0-20)Cr3 




rC( " ) 


- "C( " ) " 




End 


» 05(AOO+GO) 




sXw(l-3) 


■ Xn(l-3)Xnr 




rXw( " ) 


- Xn( " ) " 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-U) 


= Sc 


TO 


sAOO 


- ExTOAOO© 


Tr 


rla 


- TrFl 




rlx 


* Tr(FlF3)(GOHt) 




rRc 


■ Tr 


Tp 


rEx 


■ ExTp 




rFl 


- TpEndSk 




rF3 


- ( " ) 




rRf 


= Tp$l(GOHt) 




rJu 


- Tp _ 




Oc 


a TpEndSk 




r0(l,3,4,5,6) 


= Oc 




s02 


» Oc 



05 next (T7) 

initiate idle (also reset halt light 



C ->A 



T7 thru TO 



Recirculate B 



A -»C 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



00 next clock (T8) 



NOP (20) -»0 
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REG SEL 4 



00 T8 


rC24 


= T8(TsTsr) 




rCz 


- 0OT8 




sFl 


= T8GO 




sF3 


- T8GO 




rHt 


« T8@®CpGD 




sHz 
Ar3 


■ T8 


05 T7 


- (01020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


«X( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( » ) 


-T( " ) " 




sB(0-2) 


» B(21-23)"SnrAr3 




rB( " ) 


- B*( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


= T( » ) " 




End 


» 05(AOO+GO) 




sXw(l-3) 


- Xn(l-3)Xnr 




rXw( " ) 


- *n( " ) " 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-14) 


= Sc 


Tr 


rla 


- TrFl 




rlx 


= Tr(FlF3)(GOHt) 




rRc 


« Tr __ 


Tp 


rFl 


- TpEndSk 




rF3 


as ( " ) 




rRf 


- Tp^l(GOHt) 




rJu 


= Tp 




Oc 


■ TpEndSk 




rO(l,3,4,5,6) 


- Oc 




s02 


■ Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



00 next clock (T8) 



NOP (20) ->0 



The A register is now being displayed. The following shows what takes place 
when the Register Selector Switch is returned to C 
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REG SEL 5 



00 T8 



05 T7 



T4 



Tr 



Tp 



rC24 


= T8(TsTsr) 


rCz 


= 0OT8 


sFl 


= T8GO 


sF3 


= T8GCK 


rHt 


- T8@©CpG0 


sHz 


= T8 


Ar3 


m (01025304)Q1 


sA(0-2) 


■ A(21-23)AnrAr3 


rA( " ) 


- A( " ) 


sA(3-23) 


» A(0-20)Ar3 


rA( » ) 


- A( " ) " 


sB(0-2) 


- B(21-23)BnrAr3 


rB( " ) 


«"B( " ) " . 


sB(3~23) 


- B(0-20)Ar3 


rB( " ) 


-T( " ) " 


End 


- 05(X(75+GO) 


sXw(l-3) 


- Xn(l-3)Xnr 


rXw( " ) 


= Xn( " ) " 


Sc 


- T4(End+FlF2)Inr 


rS(l-14) 


- Sc 


rla 


= TrFl 


rlx 


« Tr(FlF3)(G0Ht) 


rRc 


= Tr 


sEx 


= (TsTpGOHtKOTBUD) 1 


rFl 


= TpEndSk 


rF3 


88 < " U— 


rRf 


■ Tp5Tl(G0Ht) 


rJu 


= Tp _ 


Oc 


« TpEndSk 


rO(l,3,4,5,6) 


= Oc 


s02 


*» Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



initiate exchange between A and C. 
00 next clock (T8) 



NOP (20) -»0 
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REG SEL 6 



00 



05 



T8 


rC24 


= T8(TsTsr) 




rCz 


- 0OT8 




sFl 


" TS 92 




sF3 


= T8GQ 




rHt 


= T8@©CpGO 




sHz 
Ar3 


a T8 


T7 


= (01020304)Q1 




Anr 


= ExAOOBOO 




sA(0-2) 


= C(21-23)ExA00B00Ar3 




rA( " ) 


= C"( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


= A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


= ¥( " ) " 




sB(3-23) 


■ B(0-20)Ar3 




rB( " ) 


- *B( " ) " 




Cr3 


=« Ex(TsQl) 




sC(0-2) 


« A(21-23)ExA00B0*0TsCr3 




rC( " ) 


-X( " ) 




sC(3~23) 


= C(0-20)Cr3 




rC( " ) 


= C( " ) " 




End 


- 05(AO"O+GO) 




sXw(l-3) 


= Xn(l-3)Xnr 




rXw( " ) 


- Xn( " ) " 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-U) 


= Sc 


TO 


rAOO 


* SxTOAOO 


Tr 


rla 


= TrFl 




rlx 


« Tr(FlF3)(G0Ht) 




rRc 


= Tr 


Tp 


rEx 


- ExTp 




rFl 


= TpEndSk 




rF3 


= ( " ) 




rRf 


- Tp^l(GOHt) 




rJu 


= T P _ 




Oc 


- TpEndSk 




rO(l,3,4,5,6) 


- Oc 




s02 


- Oc 



05 next (T7) 

initiate idle (also reset halt light) 



C ->A 



Recirculate B 



A -»C 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



T7 thru TO 



00 next clock (T8) 



NOP (20) ~>Q 
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REG SEL 7 



00 T8 


rC24 


= T8(TsTsr) 




rCz 


- 0OT8 




sFl 


- T8GO 




sF3 


« T8GO 




rHt 


- T8@g)CpC0 




sHz 
Ar3 


» T8 


05 T7 


= (0102ffi04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


»T( " ) " 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


-T( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


«T( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


-Tf( " ) " 




End 


- 05(AOO+GO) 




sXw(l-3) 


= Xn(l-3)Xnr 




rXw( " ) 


-TE( " ) " 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-14) 


■ Sc 


Tr 


rla 


- TrFl _ 




rlx 


- Tr(FlF3)(G0Ht) 




rRc 


= Tr 


Tp 


rFl 


« TpEnd'sTc 




rF3 
rRf 


" ( "i- 
- Tptfl(SOHt) 




rJu 


« Tp _ 




Oc 


= TpEndSk 




rO(l,3,4,5,6) 


ss Oc 




s02 


sa OC 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



00 next clock (T8) 



NOP (20) -»0 
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B Register Selection - Computer in "IDLE" (50Ht) with C Register Selected ©. 
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The C register is being displayed. The following shows what takes place 
when the Register Selector Switch is placed on B. 
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The B register is now being displayed, The following shows what takes place 
when the Register Selector Switch is returned to C* 
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The Computer is now in normal "IDLE" mode with C being displayed. 
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X Register Selection - Computer in "IDLE" (GOHt) with C Register Selected ©. 
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The C register is being displayed. The following shows what takes place 
when the Register Selector Switch is placed on X. 
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The X register is now being displayed. The following shows what takes place 
when the Register Selector Switch is returned to C. 
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rC( » ) 


- C( " ) " 


End 


* 05(AOO+GO) 


Xnr 


- AOOBOOEx 


sXw(l-3) 


* C(21-23)A00B00Ex 


rXw( " ) 


- C( " ) 


Sc 


- T4(End+FlF2)Inr 


rS(l-14) 


- Sc 


rAOO 


= ExTOAOO 


rBOO 


- ExT0B00Ar3 


rla 


= TrFl 


rlx 


= Tr(FlF3)(G0Ht) 


rRc 


= Tr 


rEx 


= ExTp 


rFl 


- TpEndSk 


rF3 


- ( " ) 


rRf 


■- Tp^I(GOHt) 


rJu 


= Tp __ 


Oc 


» TpEndSk 


r0(l,3,4,5,6) 


■ Oc 


s02 


«= Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 
Recirculate B 

X ->C 

last cycle 
C -»X 

Clear S 



T7 thru TO 



T7 thru TO 



T7 thru TO 



T7 thru TO 



00 next clock (T8) 



NOP (20) ->0 
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REG SEL 2l 



00 T8 


rC24 


- T8(TsTsr) 




rCz 


= 0OT8 




sFl 


■ T8G0 




sF3 
rHt 


■ Tc@@CpGO 




sHz 


= T8 


05 T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


= A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


= A( " ) " 




sB(0-2) 


= B(21-23)BnrAr3 




rB( " ) 


= B~( " ) " 




sB(3-23) 


« B(0-20)Ar3 




rB( " ) 


= B( " ) " 




End 


= 05(AOO+GO) 




sXw(l-3) 


= Xn(l~3)Xnr 




rXw( " ) 


- Xn( " ) " 


T4 


Sc 


- T4(End+FlF2)Inr 




rS(l-14) 


= Sc 


Tr 


rla 
rlx 


= TrFl 




m Tr(tlF3)(GOHt) 




rRc 


= Tr 


Tp 


rFl 


■ TpEndSk 




rF3 


- ( " ) 




rRf 


= TpftT(GOHt) 




rJu 


■ Tp 




Oc 


= TpEndSk 




rO(l,3,4,5,6) 


= Oc 




s02 


- Oc 



05 next (T7) 

initiate idle (also reset halt light) 



Recirculate A 



Recirculate B 

last cycle 
Recirculate X 

Clear S 



T7 thru TO 



T7 thru TO 



00 next clock (T8) 



NOP (20) -»0 



The Computer is now in normal "IDLE" mode with C being displayed. 
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UDI 03 
UDI 04 



03 UDI Same as Unconditional Branch 

04 UDI Same as Halt 



234 



UDI 05-1 



05 



UDI 



Branch to Address Plus One, A, B,C Registers Change as in 
Divide (01)* 



5 Cycles 



T8 


rCz 
sHz 


- 0OT8 

- T8 










six 


« C1GO0OT8 


Initialize indexing 








sJu 


- IaGOC&C5C8C9T8 










Oxc 


» IaGOC20OT8 










sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 


Instruction to register 






r02 


■ c5oxc 








T7 


sAOO 

Ar3 

sA(0-2) 


- 0OT7AO 

- F1F205Q1 

- A( 21-23) AnrAr3 


Set A00 ■ sign of A 








rA( » ) 
sA(3-23) 


- A( " ) 

- A(0-20)Ar3 


Recirculate A 


T7 


thru TO 




rA( » ) 


-T( " ) " 










sB(0-2) 


- B (21-23) BnrAr3 










rB( " ) 


«"§■( " ) " 










sB(3«23) 


- B(0-20)Ar3 


Recirculate B 


T7 


thru TO 




rB( " ) 


88 *"<_!! ) " 










End 


■ JuEaxOl 


Last cycle 








Cr3 


- FlF2(TsQl) 










SCO 


- (Pl2)JuTsCr3Q£ 










rCO 


- CO 










sC(l,2) 
rC( " ) 


- P(13,14)JuTsCr3Q2 

-T( " ) 


P(l-14) ~> 0(10-23) 


T7 


thru T3 




sC(3-23) 


« C(0-20)Cr3 










rC( " ) 


- C*( " ) " 










sCp 
rCp 


- (C2]®C22©C23)CpTs!tQlFlF2 

- ( " )Cp 


Parity check 


T7 


thru TO 




Pr3 


» JuQ2 










sP(0-2) 


- Add(l-3)JuEaxPr3 










rP( " ) 


- Add( » ) 


C + X* Ix -* P 


T7 


thru T3 




sP(3-14) 


- P(0-ll)Pr3 










rP( " ) 


= p( » ) " 










Xz(l-3) 


* Xn(l-3)0OIx 










Xz( » ) 


- Xn( " )0OIx+Ix 


Input to adder (X»Ix) 


T7 


thru TO 




Yz(l-3) 


- C(21-23)?7 










Yz"( » ) 


- C"( " ) " 


Input to adder (C) 


T7 


thru TO 




sCz 


- KzQITO 










rCz 


- KzQl 


Carry logic 


T7 


thru Tl 


T4 


Sc 


« InrFlF2T4 










rS(l-14) 


» Sc 


Clear S 






T3 


rCO 
Sxp 
sS(l,2) 


- (JuTsCr3)Q4Q6 

- fntEndGOT3 

- Add(2,3)(JuEax)Sxp 


No input to C3, 06, C9 


T3 


thru Tl 




sS(3-14) 


- P(0-ll)Sxp 


P -> S 






T2 


rC(l,2) 


- (JuTsCr3)T2 


No input to 07, C8 






Tl 


sC(l,2) 


- (JuTsCr3) Em(l,2)Tl 










rC( " ) 


" L " )^ " > " 


(01,02) is (04, 05) at Tl 






TO 


rCz 
SCO 


- F1T0 

- Of(JuTsCr3)T0 










rCO 


- Of ( " ) " 


Set CO if overflow 








rC(l,2) 


- (JuTsCr3)T0 
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No input to 01, 02 







UDI 05-2 



Tr 



Tp 



Cxm 


■ EndG0Tsm(Tr+Tp) 


sC(0-23) 


- M(0~23)Cxm 


rC( " ) 


= CxmTr 


sHt 
rlx 


- CpTi3@K5g2 

- (PlF3)(flOHt)Tr 


rRc 


= Tr 


rAOO 


■ EndGOTp 


rBOO 


- ( " ) 


sCp 


- M24CxmHtTsTp 


sF3 


- Ia63o40OTp 


rJu 


■ Tp__ 


Oc 


* (0103Ia+EndSk)Tp 


rO(l,3,4,5,6) 


« Oc 


s02 


■ Oc 



M -* C (Fetch next instruction) 

Tr thru Tp 
Parity error 



Initiate parity 
01 next clock (T8) 



NOP (20) -»0 
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UDI 05-3 



01 



T8 


Anr 
Bnr 
Ck 


a 0103 
- 0105 

= 01T8COTS 










sC(0-23) 
rC( » ) 


« C~(0~23)Ck 
- C( " ) " 


Invert C if C > 








sCz 


« 01T8Cff 










sHz 


- T8 


Initiate -B if A- 








six 


- 01T8CO 


Set Ix = sign of (M) 






T7 


Ar3 
sA(0-2) 


- F1F205Q1 

- (Ha(l-3)AOO+B(21-23)A75S)01O5Ar3 


T> A J H A «s^ C\ 








rA( " ) 


= (HT( " ) " ■*¥"( " ) " ) 


B -> A if A > 


T7 


thru TO 




sA(3-23) 


- A(0-20)Ar3 


¥ + 1 ->A if A < 








rA( " ) 


-T( " ) " 










Hx(l«3) 


- B(21*23)01 










Hx~( " ) 


» B( " ) " 


Half adder inputs (B+l) 


T7 


thru TO 




sB(0-2) 


» Add(l-3)01O5Ar3 










rB( " ) 


- Add( " ) " 










sB(3-23) 


- B(0-20)Ar3 


IAI - ICl ->B 


T7 


thru TO 




rB( » ) 


- "B( »» ) " 










Xz(l-3) 


- (A(21-23)ATK3+A"(21-23)AOO)01 










Xz( " ) 


- (A( » ) " +A( " ) " ) " 


Adder input (IAI) 


T7 


thru TO 




Yz(l-3) 


= C(21-23)07 










Yz{ » ) 


- C~( " ) " 


Adder input (Id) 


T7 


thru TO 




Cr3 


- FlF2(TsQl) 










sC(0-2) 


- C(21~23)FlF2F3TsCr3 










rC( " ) 


- TT( " ) ■ 










sC(3-23) 


=* C(0-20)Cr3 


Recirculate C 


T7 


thru TO 




rC( " ) 


- C*( " ) " 










sCp 


- (C2]®C22©C23)CpTsHtQlFlF2 










rCp 
sRf 


- ( " )Cp 


Check parity 

RI means < A,B - [C| 


T7 
T6 


thru TO 


T6 


« 01(Q3Q6)(BOBiB2AOAlA2Bc23) 


thru Tp 


T4 


Sc 


= T4Fll^Inr 










rS(l-14) 


- Sc 


Clear S 






T3 


Sxc 
sS(l,2) 


- T3FlF2Ju 

- Add (2, 3) Sxc 










rS( " ) 


- Add( " ) " 


Junk input to C 








sS(3-14) 


» C(0-ll)Sxc 










rS( " ) 


- "c( " ) " 








Tr 


sBc23 


- 01TrHzAOO 


Set Bc23 if B « and A 


< 






sHt 


- CpTi@&O02 


Parity error 






Tp 


sF2 
Sc 


« 01Tp 
- 01Tp 


03 next 








rS(l-14) 


= Sc 


Clear S 







01 same as for a Divide instruction. 
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03 T7 



TO 



Tp 



Ar3 


- (01020304)Q1 






sA(0-2) 


= A(21-23)AnrAr3 






rA( " ) 


- X( '■ ) 






sA(3-23) 


- A(0-20)Ar3 


Recirculate A 


T7 thru TO 


rA( » ) 


-T( » ) " 






sB(0-2) 


« B( 21-23) BnrAr3 






rB( " ) 


- B( " ) " 






sB(3-23) 


- B(0-20)Ar3 


Reciruclate B 


T7 thru TO 


rB( " ) 


- B( " ) " 






rCp 


- TsHtKO(Fl+F2)(#7CT302)TO 






rCz 


« F1TO 






sSk 


= 03C"5ff5Tp 






SFI 


= TpSk 


07 next clock (T8) 
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07 



T8 


Ck 


= 07T8T7 








sC(0~23) 


= C~(0-23)Ck 


Invert C 






rC( " ) 


= C( " ) " 








End 


= F1F2 


Last cycle 






sla 


= T807SkQg) 


Initiate P register increment 




T7 


Cr3 
rC(0-2) 


= 07O~5TsQl 
_ ii 








sC(3-23) 


= C(0-20)Cr3 


-> C T7 thru 


TO 




rC( " ) 


= "C( " ) " 








Pr3 
sPO 


= (F1G0)Q2 








= (Pl2jP13Pl4la)FlGO(020~4o50 6)Pr3 






rPO 


= ( " ) 








sPl 


= (Pia^PHla) " 








rPl 


= ( " -) 








sP2 


= (Pl^a) 


P + 1 -> P T7 thru 


T3 




rP2 


= ( " ) 








sP<3-14) 


= P(0-ll)Pr3 








rP( " ) 


= P( " ) " 








rla 


= (Pi2Pl3Pl4)Q2Fl 






T6 


Xz(l-3) 


= B(21-23)07O5O~5 








Xz( » ) 


= T( " ) " 


Adder input (B) T6 thru 


Tr 




Yz3 


= 07Bc23 








rYzl 


= 07Rr" 








rYz2 


= 07KO" 


Adder input (Be) T6 thru 


Tr 




rYz3 


= 07BT21 






T4 


Sc 


= T4EndTnr 








rS(l-H) 


= Sc 


Clear S 




T3 


Sxp 
sS(l,2) 


= T3lntEndGO 








= P(13,14)IaFlGO(020fo>506)Sxp 






rS( " ) 


= "P( " ) " ( " ) " 


P(13,14) contains P(l,2) at T3 






sS(3-14) 


= P( 0-11) Sxp 


P -* S ■ 






rS( » ) 


= P*( " ) " 






TO 


rSk 


= 07TO 






Tr 


Cxm 


= EndGOTsm(Tr+Tp) 








sC(0-23) 


= M(0-23)Cxm 


M -> C (Fetch next instruction) 






rC( " ) 


= TrCxm 


Tr thru 


Tp 




sHt 


= CpTr@K0|y2" 


Parity error 






rla 


= FlTr 








rlx 


= Tr(FlF3)(GT5Ht) 






Tp 


rAOO 
rBOO 


= TpEndGO 
= TpEndGO 








sCp 


*= M24CxmHtfsTp 


Initiate parity 






rF(l-3) 


= TpEndSlc 


00 next 
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UDI 07-1 



07 



00 



UDI 



01 



Branch to Address Plus One. (Phasing Similar to Left Shift, 
May Hang-up in 03 if Sk Doesn't Set) (Shift May Occur But it 
May be Dependent Upon Contents of P Register) 



Initialize indexing 



T8 


rCz 


* 0OT8 




six 


■ C1GO0OT8 




sJu 


= c4C5C8c5laGO0OT8 




Oxc 


- C2"!aGO0OT8 




30(1,3,4,5,6) 


« C(3,5,6,7,8)Oxc 




r02 


- C5bxc 


T7 


sAOO 


- AO0OT7 




Ar3 


- (01020l04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


= A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


«T( " ) " 




sB(0-2) 


- B( 21-23) BnrAr3 




rB( " ) 


= B( " ) 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


« T( " ) " 




Cr3 


« FlF2(TsQl) 




sCO 


- (P12)JuTsCr3Q6 




rCO 


= C" - ") 




sC(l,2) 


= P(13,14)JuTsCr3Q2 




rC( » ) 


= T( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


- C( " ) " 




End 


= JuEaxOl 




Xz(l-3) 


- Xn(l-3)0OIx 




Xz( » ) 


- Xn( " ) " +Ix" 




Yz(l-3) 


» C(21-23)07 




Yz( » ) 


= c"( " ) " 




sCz 


- Kzfl7QlT0" 




rCz 


= KzQl 




sCp 


* (C23SC2a$C23)CpTsHtQlFlF2 




rCp 


. - ( " )Cp 




Pr3 


- JuQ2 




sP(0-2) 


= Add(l-3)JuSaxPr3 




rP( " ) 


= Add( " ) 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


= P( " ) " 


T5 


sF3 


- IaO3O4O50OQ4 


T4 


sCO 


- (C21FlF2F3+Pl2JuQ6)TsCr3 




rCO 


■ (C21 " +P12 " ) " 




sC(l,2) 


= (C(22,23)F1F2F3+P(13,14)J- 




rC( " ) 


- (c( " ) " +F( " ) 




sC 


=InrFlF2T4 




rS(l-14) 


= Sc 


T3 


rCO 


» JuTsCr3Q4Q6 



C(3-8) ~»0 if not indirect addressii 
Save sign of A 



Recirculate A 



Recirculate B 



P(6-14) -»C(15-23) 



T7 thru TO 

T7 thru TO 
T7 thru T2 

T7 thru T5 



Adder input if Ix( indexing) 

T7 thru TO 



Adder input (C) 
Carry logic 
Check parity 

C + X • Ix -» P 



T7 thru TO 
T7 thru TO 
T7 thru TO 

T7 thru T3 



01 next clock (T8) 

(Merge (P4+C12 -> C15) T4 only 

__ (C(6,9) -»C(9,12) T3 thru T 2 
>TsCr3&erge (F(2,3,5,6)+C(10,ll,13, 14) -> 

<C(13,14,16,17) T4 thru T3 

) " (c(7,8) -»C(10,11) T2 only 

Clear S 



No inputs to C6,C9 



T3 thru T2 
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UDI 07-2 



T2 



03 Tl 



TO 



Tr 



Sxp 


= (End-WuE"ax)TntT3 


sS(l,2) 


= Add(2,3)JuEaxSxp 


rS( » ) 


= Ad"d( » ) 


sS(3-14) 


= P(0-ll)Sxp 


rS( " ) 


= "P( " ) " 


rC(l,2) 


= JuTsCr3T2 


sF2 


- 050 1Q 2 


Sx48 


= (S6S7S$+S9S1O)O501T2 


rS(l-8) 


= O501T2 


sS(9,10) 


= Sx48 


rS (11-14) 


» Sx48 


sSk 


= (O501T2)(S6S7 O ..S14) 


sSk 


= ( " )(AC©M)C2 


rS14 


- ( " )( " )C2 


AL2 


=: O5O6S103 


sB(22,23) 


» A(0,1)AL2C405 


rB( " ) 


-A(."_2 " 


Sd2 


» O5O6Sk03 


sSk 


« O5Slc(S9SlOSllS12)S1303 


sSk 


a O5O6S^(sFsTOSllsr2)sK03 


rCz 


« fTto 


sCO 


a Of(JuTsCr3)T0 


rCO 


a dT( " )to 


rC(l,2) 


- (JufsCr3)T0 


rCp 


= TsT0HtK0(F2#7p#6)#2 


(refer 03 Tl) 




sHt 


= CpTr@K0^2 


(refer 03 Tl) 





P -»s 

No input C7,C8 

03 next clock (T8) 

Shift >48 bits 

Zero -*S(l-8) 

Set count = 48 if shift > 48 

Leave count alone if shift < 48 

Count = zero 

A,B normalized C2«Cll (norm, bit) at T2 

Avoid clean up shift. 

See instruction 67 (03 Tl) 



II 


II 


It 


II 


II 


II 


II 


II 


II 


II 


II 


II 



No input to Cl>C2 

Avoid erroneous parity error 

Parity error 



If Sk is not set (Sic) the Computer V7ill hang up in 03. If Sk sets before Tp, 
the Computer will remain in a dynamic halt until Tp occurs,, 



Tp Arl 
Brl 
sFl 
rJu 
Oc 



rO(l,3/4,5,6) « Oc 
s02 = Oc 

rRf 



= (O5O6SkS14)03Tp 

- ( " ) " 
= TpSk 

- Tp 

- EndSlcTp 



= (GOHt)^lTp 



See instruction 67 (03 Tp) 
ti ii it it 

07 next clock (T8) 

NOP (20) -*0 if SK 
Clear Rf 



If 07 occurs Sk must be set and the instruction (07) is still in 0. 
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UDI 07-3 



07 T8 



T7 



Ck 


« 07T8Ts 


sC(0-23) 


- "C~(0-23)Ck 


rC( " ) 


- C( " )Ck 


End 


- F1F2 


sla 


= SkT80?1J@ 


sBc23 


- (07O5T8)S14 


sKO 


- ( " )S7 


sRf 


- ( " )S6 


Ar3 


= 07O6Q1 


sA(0-2) 


- A(21-23)AnrAr3 


rA( " ) 


-T( " ) 


sA(3-23) 


» A(0-20)Ar3 


rA( » ) 


-T( " ) " 


sB(0-2) 


= B(21-23)B"nrAr3 


rB( " ) 


«=¥(") 


sB(3-23) 


= B(0-20)Ar3 


rB( M ) 


«I( " ) " 


Pr3 


■ (F1G0)Q2 


sPO 


- ( " )(O~20"3o3O6)(P123P13P14la)Pr 


rPO 


= (»')( " ) (Plfc3M.3K.4Ia) " 


sPl 


= ( » )( " )(Pl3@Pl4Ia)Pr3 


rPl 


- ( " )( " ) (P130P14E) " 


sP2 


- ( " )( " )(Pl/@Ca)Pr3 


rP2 


= ('■)( " XPl^Ia) » 


rla 


- P12P13P14Q2F1 


sP(3-14) 


» P(0-ll)Pr3 


rP( " ) 


-T( " ) " 


Xnr 


« 33(040506) C507 


sXw(l-3) 


= Add(l-3)O"3"(O4O5O6)C307F1 


rXw( " ) 


= Sdl"( " ) 


Xz(l-3) 


= Xn(l-3) 1x0705 


*z( " ) 


- Xn( " ) 


Yzl 


= Rf07 


YzT 


■ Rf07 


Yz2 


= KO07 


Yz2 


= KO07 


Yz3 


= Bc2307 


Yzl 


- BT2307 


sBc23 


= (07O5T7)S5 


rBc23 


- ( " )S5 


sKO 


= ( " )S4 


rKO 


= ( " )s5 


sRf 


= ( " )S3 


rRf 


= ( " )53 



Invert C 



Initiate P register increment 
Rf,K0,Bc23 form an Octal input to 
Yz(l-3) from T8 thru T6 which 
represent the negative number of 
shifts during normalize. 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



P ->S 



T7 thru T3 



X+S(2-7)+S14 ->X 
(X-number of shifts -> X) 

Adder input (X) 



T7 thru TO 
T7 thru TO 



Adder input (S) 
Bits S3 thru S7 contains 
a negative count of the 
ALl's during normalize. 
S14 contains the clean up. 



Rf, KO and Bc23 must 
be set for the next 
clock 
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T6 


sBc23 


* (07O5T6)S2 




sKO 


= ( " )S2 




sRf 


■ ( " )S2 


T4 


Sc 


= T4EndEir 




rS(l-14) 


- Sc 


T3 


Sxp 

sSl 


■ T3TntEndGO 




- (FlG0)(02040l06)(P13$iP14la)Sxp 




sS2 


- ( " )( " )(P14©Ea)Sxp 




sS(3-14) 


= P(0«ll)Sxp 


TO 


rSk 


« 07TO 


Tr 


Cxra 


= EndGOTsm(Tr+Tp) 




sC(0-23) 


= M(0-23)Cxm 




rC( " ) 


= CxmTr 




rla 


» TrFl 




rlx 


» Tr(flF3) (GOHt) 




rKO 


= 07Tr 




rAOO 


« TpEndGO 


Tp 


sCp 


« M24CxmTpHtTs 




rF(l-3) 


■ TpEndsE 




rRf 


■ TpftT(GOHt) 




Oc 


=* TpEndSlc 




s02 


= Oc 




rO(l,3,4,5,6) 


a OC 



Extend minus sign for £5 thru TO 
negative count to Yz 

Clear S 



P -*S 



M -» C(Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next clock (T8) 



NOP (20) -»0 
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11 



UDI 



Similar to Parallel Output When 
Ready (Next instruction is found in 
location designated by operand) 



(M) -> Output Device 



00 T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


- (0OT8IaGO)C2 




30(1,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


» (Soxc 


T7 


Ar3 


- (01020l04)Ql 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


- A( " ) M 




sA(3-23) 


- A(0-20)Ar3 




rA( »' ) 


- A( » ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


-"B< " ) " 




sB(3-23) 


- B(0-20)Ar3 




rB( » ) 


- B ( " i " 




Cr3 


- FlFl(TsQl) 




sC(0-2) 


- Add(l-3)0Ojfu¥ICr3 




rC( " ) 


- A3d"( " ) " 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


«TT( " ) w 




Xz(l-3) 


« Xn(l-3)#D-I* 




Xz"( » ) 


- !E( " )#0X*fK 




Yz(l-3) 


- C(21-23)&7 




¥I( " ) 
sCz 


- KzQlT0?7 




rCz 


- KzQl 




sCp 


- (C2]®C22©C23)CpTsHtQlFlF2 




rCp 


■- ( " )Cp 


T4 


Sc 


» T4FlF2Inr 




rS(l-14) 


- Sc 


T3 


Sxc 


- T3flF2Ju 




sS(l,2) 


- Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


- fTto 


Tr 


Cxra 


- Ju0OTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


■ TrCxm 




sHt 
rlx 


- CpTjOCPg^ 

- Tr(FTF3)(G0Ht) 




rKO 


- GOTrF? 


Tp 


sCp 


- M24Cxm3tfsT£ 




sF2 


- (TpTI0O)O3O2 



Initialize indexing 
Instruction -> 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



GtfOIx -* C (Add-*Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru ' 
T7 thru Tl 
T7 thru TO 



Adder input (XIxj) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X* Ix -» S 



M -* C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
02 next clock (T8) 
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02 



T7 


Ar3 


» (01020304)Q1 




sA(0-2) 


» A( 21-23) AnrAr3 




rA( " ) 


= X( " ) 




sA(3~23) 


« A(0-20)Ar3 




rA( » ) 


- X( " ) " 




sB(0-2) 


= B(21~23)EnrAr3 




rB( " ) 


= T( " ) 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


«T( " ) " 




sRf 


= Q2F3b6F2Rt 


TO 


rCz 


« FlTO 


Tp 


sFl 


= Tp(FlFlOl0305)IaRf 



rRf 



= Tp5fT(SOHt) 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



External Device is ready (Rt) 

to receive information T7 thru T3 

from the computer, 

06 next if Rf 
02 next if RF 



The Computer will continue to repeat 02 until the External Device becomes ready, 
at which time the data will be transferred in parallel from the C register to the 
device. At Tp time, following the transfer, 06 will occur. 
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06 T8 



T7 



T4 



T3 



Tr 



sla 


- T8F1F"30@ 


Has no effect 






End 


« F1F2 


Last cycle 






Ar3 


» (010 20304) Ql 








sA(0-2) 


- A( 21-23) AnrAr3 








rA( " ) 


= T( " ) " 








sA(3-23) 


- A(0-20)Ar3 


Recirculate A 




T7 thru TO 


rA( " ) 


- T( " ) " 








sB(0-2) 


= B(21-23)IErAr3 








rB( " ) 


= *E"( " ) 








sB(3-23) 


= B(0-20)Ar3 


Recirculate B 




T7 thru TO 


rB( " ) 


= T( " ) " 








Cr3 


= FlI*3(TsQl) 








sC(0-2) 


- Add(l-3)06TsCr3 








rC( " ) 


= S3d"( " ) " 








sC(3-23) 


- C(0-20)Cr3 


A + C -»C 




T7 thru TO 


rC( " ) 


= <T( " ) " 








Xz(l-3) 


= Ix 








Yz(l-3) 


= C(21-23)$7 








Yz"( » ) 


= C( " ) " 


Adder input (C) 






sCz 


= KzQlFlflT 








rCz 


= KzQl 


Carry logic 




T7 thru TO 


sCp 


= (C2]@C22®C23)CpTsI : [t:Q106O3 






4 


rCp 


= ( " )Cp " 


Check parity 




T.7 thru T. 


Pr3 


= (F1G0)Q2 








sP(0-2) 


- Add (1-3)0 203-050 6Pr3 


C(10-23) -+P 




T7 thru T3 


rP( " ) 


= Add( " ) " 


C contains operand 


(bits 14-23 of 


sP(3-14) 


= P(0-ll)Pr3 


which represent 


I/O 


starting addres 


rP( » ) 


«T( " ) •» 


Has no effect 






rla 


- (p12p13p14)Q2F1 




Sc 


= T4EndInr 








rS(l-14) 


= Sc 


Clear S 






Sxp 


= T3IntEndG0 








sSl 


= Add(2,3)020&)506Sxp 








rSl 


= Add( " ) 








sS(3-14) 


« P(0-ll)Sxp 


C(10-23) + A(10- 


-23) 


->S 


rS( " ) 


= T( " ) " 








Cxm 


= EndG0!Tsm(Tr+Tp) 








sC(0-23) 


« M(0-23)Cxm 


M -» C (Fetch next instruction) 


rC( " ) 


= CxmTr 






Tr thru Tp 


sHt 


= CpT@K0$2 


Parity error 
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rla 




« TrFl . 

^g^^—^mm < BBm MW 


rlx 




« Tr(FlF3)(GOHt) 


Tp rAOO 




« TpEndGO 


rBOO 




- < " } 


sCp 




« M24CxmHtTsTp 


rF(l, 


2) 


« TpEndSk 


Oc 




- ( " ) 


s02 




a Oc 



rO(l,3,4,5,6) - Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) 
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15 



00 





UDI 


Two Cycle NOP 


T8 


rCz 


- 0OT8 




six 


- 0OT8C1GO 




Oxc 


• (0OT8IaGO)C2~ 




80(1,3,4,5,6) 


- C(3,5,6,7,8)Oxc 




r02 


«■ cZOxc 


T7 


Ar3 


- (01025504)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( " ) 


« A~( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( » ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) " 




sB(3-23) 


■ B(0-20)Ar3 




rB.( " ) 


« B( " ) " 




Cr3 


- FlF2(TsQi) 




sC(0-2) 


« Add(l-3)0OJuTsCr3 




rC( " ) 


- Ad"3( " ) 




sC(3-23) 


- C(0-20)Cr3 




rC( " ) 


m *C"( " ) " 




Xz(l-3) 


- Xn(l-3)0O-Ix 




35 ( " ) 


» Xn( " )0OIx+Ix 




Yz(l-3) 


-» C(21-23)ftT 




Yz( » ) 


- c ( " JL" 

- KzQlT0#7 




sCz 




rCz 


- R"zQl 




sCp 


- (G21®C22©C23)CpTsHtQlFlF2 




rCp 


- ( " )Cp 


T4 


Sc 


« T4fl?2Tn"r 




rS(l-14) 


« Sc 


T3 


Sxc 


- T3FlFlju 




sS(ly2) 


« Add(2,3)Sxc 




sS(3-14) 


- C(0-ll)Sxc 


TO 


rCz 


= FlTO 


Tr 


Cxra 


» Ju0OTsra(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( " ) 


■ TrCxm 




sHt 
rlx 


- CpTtgfcogl 

= Tr(FTF3)(G0Ht) 




rKO 


« G0TrF2 


Tp 


sCp 


- M24CxmHtTsTp 




sFl 


» (TpIa0O)O3O4 




sF2 


- ( " )0302 



2 Cycles 



Initialize carry 
Initialize indexing 

Instruction -» 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



C+X«Ix -*C (Add-Xz+Yz) T7 thru TO 



Adder input if Ix (indexing) 

T7 thru TO 



Adder input C register T7 thru T 

Carry for Adder T7 thru Tl 

Check parity T7 thru TO 
Clear S 

C + X'lx -» S 



M -» C (Fetch operand) Tr thru Tp 
Parity error 

Initiate parity 
06 next clock (T8) 
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06 T8 sla 

End 

T7 Ar3 

sA(0-2) 
rA( " ) 
sA(3-23) 
rA( " ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
Cr3 

«C(0-2) 
rC( » ) 
sC(3-23) 
rC( " ) 
Xz(l-3) 
Sz"( " ) 
Yz(l-3) 

**< " ) 

sCz 

rCz 

sCp 

rCp 

Pr3 

sPO 

rPO 

sPl 

rPl 

sP2 

rP2 

sP(3-14) 

rP( » ) 

rla 
T4 Sc 

rS(l-14) 
T3 Sxp 

sSl 

rSl 

sS2 

rS2 

aS(3-14) 

rS( " ) 
Tr Cxm 

sC(0-23) 

rC( M ) 

•Ht 



- T8F1FSJ)© 

- (01026304) Ql 

• A(2i-23)£nrAr3 
« A( " ) " 

• A(0-20)Ar3 

- X( " ) " 

- B(21-23)InrAr3 
«T( " ) " 
« B(0-20)Ar3 
«T( " ) •• 
« Fl?3(Ts*Ql) 

- Add(i-3)06fsCr3 

• X3J( M ) •' 

• C(0-20)Cr3 
» CC " ) " 

- A(21*23)06O3o4 

■."£( " ) " 

« C(21-23)?7 

« F( " ) •• 

- K«91FlflT 

- KzQl 

- (C21SC229C23)l3pTafEQ106O3 

- ( " )Cp M 
« (F1G0)Q2 
« (Pl»13Pl4Ia)Fl<30(02O4O506)Pr3 

- ( " ) 

- < P13frl4Ia) 

« (PUffiBLa) 

- r^^i 

• P(0~ll)Pr3 

m T( " ) » 

- (pT2TOfT5)Q2Fl 
■ T4KndInr 

- T3IntEndG0 

« (P139P14Ia)FlGO(8!55B!o5)Sxp 

- ( n ) n 

- (P149ta) 

m ( W~) » 

- P(0-ll)Sxp 

«T( " Jj' 

• SndGOt am (Tr+Tp) 
« M(0-23)Gim 

- TrCxm 
« CpTxQBJJ 



Initiate P register Increment 
Last cycle 



Recirculate A 
Recirculate B 

A + C -+C 

Unused adder inputs 

Carry logic 
Check parity 



P + 1 -*P 



Clear S 



P + 1 -»S 



T7 thru TO 

T7 thru TO 

* 

T7 thru TO 

T7 thru TO 

T7 thru TO 
T7 thru TO 



T7 thru T3 



M -♦ C (Fetch next instruction) 

Tr thru Tp 
Parity error 
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rla 




-TrFi_ . 


rlx 




- Tr(FlF3)(GOHt) 


Tp rAOO 




» TpEndGO 


rBOO 




- ( " 1 


sCp 




- M24CxmHtTsTp 


tf(l, 


2) 


- TpEndSk 


Oc 




- < M ) 


s02 




- Oc 



rO<l,3,4,5,6) - Oc 



Initiate parity 
00 next clock (T8) 



NOP (20) ->0 
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21 


UDI 


22 


UDI 


24 


UDI 


25 


UDI 


26 


UDI 


27 


UDI 



UDI 21 
UDI 22 
UDI 24 
UDI 25 
UDI 26 
UDI 27 



Same as Execute 

Same as EOM 2000(1, 2,4, 10) -(See EOM for specific EOM instruction) 

Same as No Operation 

Same as Execute 

Same as EOD 200(30, 21, 12,3) -(See EOD for specific EOD instruction) 

Same as Execute 
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31 



UDI 



M -> C (00), C -»M (04), No Other Registers Affected 



3 Cyc?^r 



00 T8 



T7 



T4 



T3 



TO 



Tr 



Tp 



rCz 


- 0OT8 


six 


- 0OT8C1GO 


Oxc 


- (0OT8laGO)C2 


sO(l,3,4,5,6) 


- C(3,5,6,7,8)Oxc 


r02 


• C50xc 


Ar3 


« (01020l04)Ql 


sA(0-2) 


- A(21-23)AnrAr3 


rA( " ) 


- A( " ) 


sA(3-23) 


- A(0-20)Ar3 


rA( » ) 


- A( " ) " 


sB(0-2) 


- B(21-23)BnrAr3 


rB( " ) 


-"B( » ) 


sB(3-23) 


- B(0-20)Ar3 


rB( " ) 


- B( ". ) " 


Cr3 


- FlF2(TsQl) 


sC(0-2) 


m Add(l-3)0OJuTsCr3 


rC( " ) 


- Add( " ) 


sC(3-23) 


» C(0-20)Cr3 


rC( " ) 


- C( " ) " 


Xz(l-3) 


= Xn(l-3)0O-Ix 


X*( " ) 


- Xn( " )0OIx+Ix 


Yz(l-3) 


- C(21-23)#7 


7z"( " ) 
sCz 


« C*( " )" 
* KzQlT0$7 


rCz 


* KzQl 


sCp 


- (C2I©C228£23)CpTsHtQlFlF2 


rCp 


= ( " )Cp 


Sc 


- T4FlF2Inr 


rS(l-14) 


» Sc 


Sxc 


- T3FTf2Ju 


sS(l,2) 


- Add(2,3)Sxc 


sS<3-14) 


- C(0-ll)Sxc 


rCz 


- fIto * 


sRf 


« O5F3T0 


Cxm 


- Ju0OTsm(Tr+Tp) 


sC(0-23) 


« M(0-23)Cxm 


rC( " ) 


■■ TrCxm 


sHt 
rlx 


- CpTd&K)^ 

- Tr(FlF3)(G0Ht) 


rKO 


- GOTrf? 


sCp 


- H24CxrafftfsTp 


sFl 


- 010304IaRfFl¥3Tp 



Initialize indexing 
Instruction -» 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



G+X-Ix -+ C (Add«Xz+Yz) T7 thru TO 

Adder input (XIx) T7 thru TO 

Adder input (C) T7 thrt u) 

Carry logic T7 thru T.l 

Check parity T7 thru TO 
Clear S 

C + X* Ix -> S 

No input, to Y buffer 

M --> C (Fetch operand) Tr thru Tp 

Parity error 



Initiate parity 
04 next clock (T8) 
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04 



T8 


rC24 


" T8 Jffj?IR^ 




Initial is* parity generation 




sXa 


• FiFajjg) 




Initialise F real* tar increment 




Mxc 


« 04TflnT 




T£ thru Tp 


T7 


Ar3 

•A(0-2) 
rA( " ) 


- (01025504)Q1 

- A(21~23)AnrAr3 
-X< " ) M 








sA(3-23) 


- A(O-20)Ar3 




Recirculate A T7 thru TO 




rA( » ) 


m A( M ) " 








sB(0-2) 


« B(21-23)BnrAr3 








rB( " ) 


«"5^ " ) " 








«B(3-23) 


- B(O-20)Ar3 


, 


Recirculate B T7 thru TO 




rB( •' ) 


«¥( " _2 " 








Cr3 


- FlF3(TsQl) 








sC(0-2) 


m C(21-23)OlO4O6Ts04 








rc( " ) 


«.c"( " ) 




Recirculate Q T7 thru TO 




sC(3«23) 


- C<0-20)Cr3 








rC( " ) 


m UT( " ) » 








Pr3 

8P0 


» (Fiqo)Q2 

« (Pl2S*13P14Ia)Fl430 








(S2d5tf506)Pr3 




rPO 


» ( " ) 




1 




sPl 


- (P13®P14Ia) 








•rPl 


- ( " > 








sP2 


- (P14g&a) 




P + 1 -♦ P J . T7 thru T3 




rP2 


. ( » ) 








sP(3-14) 


- P(0~ll)Pr3 








rP( » ) 


«T< » ) " 








rla 


= (P12P13P14)Q2F1 






T6 


sC24 


= (C0ecieC2)C2^(Tstsr) (03+05) 






rC24 


= ( " )C24( " 


)( " ) 


Generate parity To thru Tr 


T3 


rM(0-24) 


= T3 




Clear M 


TO 


rCp 


= TsTOHtKO(Fl07O106)02 




Tr 


sHt 
rla 
rKO 


= CpTn@kO02 
= TrFl" 
« TrG0F2 




Parity error 


Tp 


sF(2,3) 
sM(0-24) 


» Tp04 

- C(0-24)MxcXp 




07 next clock (T8) 




rM( •' ) 


• TT( ■ •» ) " 




C ->K (Store operand) 
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07 



T8 


End 


- F1F£ 


T7 


Ar3 


- (Q1020304)Q1 




sA(0-2) 


- A(21-23)AnrAr3 




rA( » ) 


- A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


- B( " ) 




sB(3-23) 


- B(0-20)Ar3 




rB( " ) 


« B( " ) " 




Pr3 


- F1G0Q2 




sP(0-2)' 


- P(12-14)IaFlG0(05SS050?)Pr3 




rP( " ) 


• - P( " ) " ( " ) " 




sP(3-14) 


- P(0-ll)Pr3 




rP( " ) 


" * ( " ) " 


T4 


Sc 


- T4EndInr 




rS(l-14) 


= Sc 


T3 


Sxp 


» T3lntEndGO 




sS(l.,2) 


» P(13,14)IaFlGO(o5o40506)Sxp 




rS( " ) 


- t( " ) " ( " ) " 




sS(3-14) 


- P(0-ll)Sxp 




rS( " ) 


- P< " ) " 


TO 


rSk 


- 07TO 


Tr 


Cxm 


» EndGOTsm(Tr+Tp) 




sC(0-23) 


- M(0-23)Cxm 




rC( •■ ) 


■ TrCxm 




rla 


- FlTi 




rlx 


- Tr(FlF3)(G0Ht) 


TP 


rAOO 


= TpEndGO 




rBOO 


- TpEndGO 




sCp 


- M24CxmHtTsTp 




rF(l-3) 


- TpEndSk 




Oc 


» TpEndSk 




s02 


« Oc 




rO(l,3,4,5,6) 


« Oc 



Last cycle 



Recirculate A 



Recirculate B 



Recirculate P 



Clear S 



T7 thru TO 



T7 thru TO 



T7 thru T3 



P(13,14) contains P(l,2) at T3 
P -> S 



M -» C (Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next 

NOP (20) ->0 
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34 



UDI 



Merge A + B and Store 



A + B -» (M) 



3 Cycles 



00 T8 rCz 
six 
Oxc 

sO(l,3,4,5,6) 
r02 
T7 Ar3 

sA(0-2) 
rA( » ) 
sA(3-23) 
rA( " ) 
sB(0-2) 
rB( " ) 
sB(3-23) 
rB( " ) 
Cr3 

sC(0-2^ 
rC( " ) 
sC(3-23) 
rC( " ) 
Xz(l-3) 
55"( » ) 
Yz(l-3) 

Yi( " ) 
sCz 
rCz 
sCp 
rCp 
Sc 

rS(l-14) 
Sxc 

sS(l,2) 
sS(3-14) 
rCz 
Cxm 

sC(0-23) 
rC( " ) 
sHt 
rlx 
rKO 
Tp sCp 
sFl 



T4 



T3 



TO 
Tr 



- 0OT8 

- 0OT8C1GO __ 

- (0OT8IaGO)C2 

« 0(3,5,6,7,8)0x0 

■ cJOxc 

- (0102C\304)Q1 

- A(21-23)AnrAr3 
« A( " ) . " 

« A(0-20)Ar3 

- A( » ) ^_ 

« B(21~23)BnrAr3 
»B( " ) 
«J5(0«20)Ar3 

■ B C -i " 

- FlF2(TsQl) 

- Add(].-.3)0OJuTsCr3 

= Adfa*( " ) 

m C(0-20)Cr3 

«?( " ) " 

« Xn(l-3)0O-Ix 

- 15T( " )0oix+lx 

» C(21-23)£7 

" "^ ^1 J." 
m KzQlT0#7 

« KzQl 

* (C2]fifc22©C23)CpTsHtQlFlF2 

- ( ^_ )Cp " 

- T4FlF2Inr 
« Sc 

- T3F1F2JU 

- Add(2,3)Sxc 

■ C(0-ll)Sxc 

■ fIto 

- Ju0OTsm(Tr+Tp) 
« M(0-23)Cxm 

« TrCxm 

« CpT ^p gO g? 

- Tr(fTF3)(G0Ht) 
« GOTrFT _ 

« M24CxraEtTsTp 

- (TpX£0O)O3O4 



Initialize indexing 
Instruction -> 

Recirculate A 
Recirculate B 



T7 thru TO 



T7 thru TO 



C+X.Ix ->C (Add»Xz+Yz) T7 thru TO 



T7 thru TO 
T7 thru TO 
T7 thru Tl 
T7 thru TO 



Adder input (XIx) 
Adder input (C) 
Carry logic 
Check parity 
Clear S 

C + X- Ix -> S 



M -* C (Fetch operand) Tr thru Tp 
Parity error 



Initiate parity 
04 next clock (T8) 
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UDI 34-2 



04 T8 


rC24 


= T8(TsTsr) 




Initialize parity generation 




sla 


= F1F30(5) 




Initialize P register increment 




Mxc 


= 04fsm 




T8 thru Tp 


T7 


Ar3 
sA(0-2) 


= (01020304)Q1 
- A(21-23)AnrAr3 








rA( " ) 
sA(3-23) 


= A( " ) 
= A(0-20)Ar3 




Recirculate A T7 thru TO 




rA( " ) 


= A( " ) » 








sB(0-2) 


= B(21-23)BnrAr3 








rB( " ) 
sB(3-23) 


-T( " ) 
= B(0-20)Ar3 




Recirculate B T7 thru TO 




rB( " ) 


= B( " ) " 








Cr3 


« FlF3(TsQl) 








sC(0-2) 


- (B(21-23)OS+A(21- 


-23)O"3)O4TsCr304 


A+B -> C (Merge of A and 

B With result in C) T7 thru T0 




rC( '* ) 


- (F( " ) 


it 




sC(3-23) 


= C(0-20)Cr3 








rC( " ) 


= C( " ) " 








Pr3 


= (F1G0)Q2 








sPO 


= (Pl29Pl3P14Ia)FlGO(02040506)Pr3 






rPO 


- ( ) 








sPl 


= (P13®P14Ia) 








rPl 
sP2 


= (P14©La) 




P + 1 -» P T7 thn^^ 




rP2 


- ( " ) 








sP(3-14) 


= P(0-ll)Pr3 








rP( " ) 


= P( " ) » 








rla 


« (P12P13P14)Q2F1 






T6 


sC24 
rC24 


= (C0Qcl@C2)C24(TsTsr)(Q3+Q5) 
- ( " )C24( » )( " ) 


Generate parity T6 thru Tr 


T3 


rM(0-24) 


= T3 




Clear M 


TO 


rCp 


» TsT0HtK0(F1^7O1^6)^2 




Tr 


sHt 
rla 
rKO 


= CpTi@K:ot2 
= TrFl 
= TrGOF2 




Parity error 


Tp 


sF(l~3) 


= Tp04 




07 next clock (T8) 




sM(0-24) 
rM( " ) 


= C(0-24)MxcTp 
= "C( " ) 




C ~»M (Store operand) 
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07 



T8 


End 


* F1F2 


T7 


Ar3 


- (010203Q4)Q1 




sA(0-2) 


« A(21-23)AnrAr3 




rA( » ) 


« A( " ) 




sA(3-23) 


- A(0-20)Ar3 




rA( " ) 


- A( " ) " 




sB(0-2) 


- B(21-23)BnrAr3 




rB( " ) 


■ B( " ) 




sB(3-23) 


» B(0-20)Ar3 




rB( " ) 


- B( " ) " 




Pr3 


- F1GOQ2 




sP(0-2) 


- P(12-14)IaFlG0(020i0506)Pr3 




rP( " ) 


- 7( " . ) " ( " ) " 




sP(3-14) 


« P(0-ll)Pr3 




rP( " ) 


- P( " ) " 


T4 


Sc 


= T4EndInr 




rS(l-U) 


= Sc 


T3 


Sxp 


- T3IntEndGO 




sS(l,2) 


- P (13, 14) IaFlGO (020405G6) Sxp 




rS( " ) 


. P( » ) » ( ■ » ) " 




sS(3-14) 


a P(0-ll)Sxp 




rS( " ) 


- ?(. " ) " 


TO 


rSk 


a 07TO 


>Tr 


Cxm 


« EndGOTsm(Tr-t-Tp) 




sC(0-23) 


a M(0-23)Cxm 




rC( " ) 


a TrCxm 




rla 


m FlT r 




rlx 


a Tr(F*lF3)(G0Ht) 


Tp 


rAOO 


«= TpEndGO 




rBOO 


« TpEndGO 




sCp 


= M24CxmHtTsTp 




rF(l-3) 


a TpEndSk" 




Oc 


« TpEndSk 




s02 


a OC 




rO(l,3,4,5,6) 


« OC 



Last cycle 



Recirculate A 



Recirculate B 



Recirculate P 



Clear S 



T7 thru TO 



T7 thru TO 



T7 thru T3 



P(13,14) contains P(l,2) at T3 
P ->S 



M -> C (Fetch next instruction) 

Tr thru Tp 



Initiate parity 
00 next 

NOP (20) ->0 
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42 


UDI 




44 


UDI 


00000,2 


44 


UDI 


00001 


44 


UDI 


00002 


44 


UDI 


00004 


44 


UDI 


00010 


44 


UDI 


00020 


44 


UDI 


00040 


44 


UDI 


00100 


44 


UDI 


00200 


44 


UDI 


00400 


44 


UDI 


01000 



UDI 42 
UDI 44-1 
UDI 44-2 
UDI 44-3 
UDI 44-4 
UDI 44- 
UDI 44-C 
UDI 44-7 
UDI 44-8 
UDI 44-9 
UDI 44-10 
UDI 44-11 

Same as No Operation 

Same as Clear X 

Same as Clear A 

Same as Clear B 

Same as Copy A into B 

Same as Copy B into A 

Same as Copy B into X 

Same as Copy X into B 

Same as Copy least significant 9 bits only extend bit 15 throughout 

X when X is designation register. 

Same as Copy X into A 

Same as Copy A into X 

Same as Copy Negative of A into A 
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UDI 45-1 



45 



UDI 



Branch to Address Plus One, 
Register Changing Occurs in 00, 
Count in 03 as in Divide* 



Of -> (M) M + 1 -*P 



3-10 Cycles 



00 T8 


rC24 


« T8(TsTsr) 




rCz 


= 0OT8 




sHz 


= T8 




six 


= C1GO0OT8 




sJu 


= TaGOCZrC5c8C^T8 




Oxc 


= IaGOC20OT8 




80(1,3,4,5,6) 


= C(3,5,6,7,8)Oxc 




r02 


= C40xc 




sRc 


= (0OT8IaGO)C2C3c5C5C6 


T7 


Ar3 


= (01020304)Q1 




sA(0-2) 


= A( 21-23) AnrAr3 




rA( " ) 


= A( " ) 




sA(3-23) 


= A(0-20)Ar3 




rA( " ) 


= X( " ) " 




sB(0~2) 


= B (21-23) BnrAr3 




rB( " ) 


= B( » ) » 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


= ¥( " ) " 




Cr3 


= fs^OQl 




sCO 


= (P12)JuTsCr3C^ 




rCO 


= C^~) 




sC(l,2) 


= P(13,14)JuTsCr3Q2 




rC( " ) 


= P( " ) " 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


= C( " ) " 




sCp 


= (C21®C22®C23)CpTsHtQlFlF2 




rCp 


= ( " )Cp " 




Pr3 


= JuQ2 




sP(0-2) 


= Add(l-3)JuEaxPr3 




rP( " ) 


= Act3( " ) 




sP(3-14) 


* P(0-ll)Pr3 




rP( " ) 


a p( H ) " 




Xz(l-3) 


= Xn(l-3)0OIx 




Xz< " ) 


= Xn( " )0OIx+Ix 




Yz(l-3) 


= C(21-23)F7 




Yz( " ) 


« C( " ) " 




sCz 


» KzQITO" 




rCz 


= KzQl 


T6 


sC24 


- C^(TsTirCOS:l®C2) (Q3+Q5) 




rC24 


- C24( " )( " ) 


T4 


Sc 


- TnrflF2T4 




rS(l-14) 


- SC 


T3 


rCO 


- JuTsCr3Q4Q6 




rM(0-24) 


= T3 




Sxp 


= IiitJuEaxGOT3 




sS(l,2) 


= Add(2,3)(JuEix+0^OT0306)Sxp 




sS(3-14) 


- P(0-ll)Sxp 


T2 


rC(l, 2) 


- (JuTsCr3)T2 


Tl 


sC(l,2) 


= Em(l,2)(JuTsCr3)Tl 




rC( " ) 


- Em( " )( " ) " 



Initialize parity generation 



Initiate indexing 



Instruction to register 



Recirculate A 



Recirculate B 



p(l-14) ->C(10-23) 

Parity check 

C + X- Ix -> P 

Adder input (X«Ix) 

Adder input (C) 

Carry logic 

Generate parity 

Clear S 

No input to C3, C6, C9 

P -»S P(C + X*Ix) 
No input to C7, C8 

Cl, C2 is C4, C5 at Tl 



T7 thru TO 



T7 thru TO 



T7 thru T3 

T7 thru TO 

T7 thru T3 

T7 thru TO 
T7 thru TO 
T7 thru Tl 
T6 thru Tr 

T3 thru Tl 
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TO 


rCz 


= F1T0 




sCO 


= Of(JuTsCr3T0) 




rCO 


= Of( " ) 




rC(l,2) 


- JuTsCr3T0 


Tr 


sHt 


- CpTx@C0^2 

- (FlF3)(55Ht)Tr 




rlx 




rRc 


= Tr 


Tp 


sF2 


- O"2IaO10OTp 




sF3 


= 6"3o4Ia0OTp 




rJu 


■ Tp 



Set CO if overflow. 

No input to Cl, C2 
Parity error 



03 next clock (T8) 



The C register at Tp contains the following information: 



CO 

Cl thru C3 

C4 

C5 

C6 thru C9 

CIO thru C23 



■ State of the Overflow Flip-Flop 
« 

■ State of the Eml Flip-Flop 
= State of the Em2 Flip-Flop 
a 

= Original contents of the P register 



Re is set at T8 which allows register change activity to go on during 00 of this 
instruction. See RCH (46) instruction for details on what effect indexing and 
the address configuration of a UDI (45) instruction will have in regard to 
register changes. 
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03 T7 


Ar3 




sA(0-2) 




rA( " ) 




sA(3-23) 




rA( " ) 




sB(0-2) 




rB( " ) 




sB(3-23) 




rB( " ) 




sOf 


T5 


sSk 


TO 


rCp 




rCz 


Tp 


sFl 




Sd2 




sSll 




rSll 




sS12 




rS12 




sS13 




rS13 



Recirculate A 



Recirculate B 



(010 20304) Ql 
A(21~23)AnrAr3 
A( " ) 
A(0-20)Ar3 
T( » ) » 
_B(21-23)BnrAr3 
B( " ) " 
_B_(0-20)Ar3 

B( " ) " _ __ 

(f9sl£STlsT2) (BzQQ^O) (RfBO+(AO0©[x) )O5O603T7 

O5O6S11S12ST303T5 

TifftED(Fl+F2) (^7{J4^B^)T0 

flTO 

SkTp 07 next clock (T8) 

55O6Slc03Tp 

SllS12S13Sd2 



T7 thru TO 



T7 thru TO 



» SllSl2 S13Sd2 
» S12S13Sd2 
= S12S13Sd2 
= S13Sd2 
« S13Sd2 



Counter for divide 



The Computer will continue to repeat 03 until Sk is set* The Computer may hang-up 
in 03 as much as eight cycles; the following is a sequence of combinations of Sll, 
S12, S13 and number of cycles required before 07 is encountered: 



Sll 



S12 



S13 
1 


Number of Cycles 
8 











7 


1 


1 


1 


6 


1 


1 





5 


1 





1 


4 


1 








3 





1 


1 


2 





1 





1 



This method of counting is the same as the one for a Divide instruction. 
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07 



T8 


End 


= F1F2 




Ck 


» Ts07T8 




sC(0-23) 


= C(0-23)Ck 




rC( " ) 


= C( " ) " 




sla 


- £|@Bk07T8 


T7 


Ar3 


« (01~020"304)Q1 




sA(0-2) 


= A(21-23)AnrAr3 




rA( " ) 


- A( " ) 




sA(3-23) 


= A(0-20)Ar3 




rA( " ) 


= A( " ) " 




sB(0-2) 


= B (21-23) BnrAr3 




rB( " ) 


= B( " ) " 




sB(3-23) 


= B(0-20)Ar3 




rB( " ) 


= B( " ) " 




Cr3 


= O3Fs07Ql 




sC(3-23) 


= C(0-20)Cr3 




rC( " ) 


■ C( " ) " 




Pr3 
sPO 


= F1GO02 




= (P13SP13P14Ia)FlGO(02030506 




rPO 


- ( " ) 




sPl 


= (Pl3^>14Ia) " 




rPl 


= ( " ) 




sP2 


- (P14©La) 




rP2 


- C " ) 




sP(3-14) 


= P(0-ll)Pr3 




rP( " ) 


= T( " ) " 




ria 
sC24 


= (P12P13P14)F1Q2 


T6 


= (C0©C]©C2)c74(TsTsr)(Q3+Q5) 




rC24 


= ( " )C24( " )( » ) 


T4 


Sc 


= EndInrT4 




rS(l-14) 


= Sc 


T3 


Sxp 
sS(l,2) 


= EndIntGOT3 




= P(13,14)TiFlGO(6"2536306)Sxp 




sS(3-14) 


= P(0-ll)Sxp 




rS( " ) 


= P( " ) " 


TO 


rSk 


= 07TO 


Tr 


Cxra 


=• EndGOfsm(Tr+Tp) 




sC(0-23) 


= M(0-23)Cxm 




rC( " ) 


= TrCxm 




ria 


= FITr 




rlx 


= (FlF3)(GOHt)Tr 


Tp 


rAOO 


= EndGOTp 




rBOO 


ss " 




sCp 


= M24CxmItTsTp 




rF(l-3) 

Oc 

s02 


= EndGOSF 
_ ii 




= Oc 




r0(l,3,4,5,6) 


= Oc 



Ones complement of C -» C 
Initialize P register increment 



Recirculate A 



Recirculate B 



T7 thru TO 



T7 thru TO 



Zero -> C (No input to C(0-23)) 

T7 thru TO 



P + 1 -» P (P contains 

original contents of T7 thru T^| 

the C register,) 



Generate parity 
Clear S 



T6 thru Tr 



P(13,14) contains P(l,2) at T3 
P ->S 



M -> C (Fetch next instruction) 

Tr thru Tp 



Initiate parity check 
00 next clock (T8) 



NOP (20) ~>0 
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UDI 47 



This UDI is quite complex in its operation. The phases encountered are 
those of shift instructions. However both Ju, a flip-flop that controls 
branching, and Re, a flip-flop that is true during the register change 
instructions, are set at 00 T8 time. 

The effect of Ju is that the next instruction will be designated by the 
address of the instruction plus one. The effect of Re is not predictable 
unless the address of the instruction and the contents of bit 10 are known, 
The contents of the P-register also affect the instruction in that a 
transfer of the contents of P(6-14) to C(15-23) is made during 00 (T7-T5) . 
Since register change instructions employ the address portion of the 
instruction the contents of the P-register will be interpreted as part of 
the instruction. 
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B Register Right Shift Add (Rsa) 



BOO « CO - n 

BO ■ BOO ® CO ® (BOCl + (BO ® CI) [B1C2 + (Bl ® C2)B2Bc2U 

Bl - BO@ CIO [B1C2 + (Bl® C2)B2Bc2] J 

B2 - Bl ® C2 ® B2Bc2 * 

Bc2 - (B2 ® Bc2)C3 + (B2 Bc2 ® C3){b3C4 + (B3 ® C4)[b4C5 + (B4 ® C5)B5Bc5]| 

B3 « (B2 ® Bc2) ® C3 ® {b3C4 + (B3 ® C4) [B4C5 + (B4 ® C5)B5Bc5]} 

B4 = (B3 ® C4) ® tB4C5 -f (B4 ® C5)B5Bc5] 

B5 - B4 ® C5 ® B5Bc5 f -> 

Bc5 - (B5 ® Bc5)C6 + (B5 ® Bc5 C6)|b6C7 + (B6 © C7) [B7C8 + (B7 ® C8)B8Bc8]| 

B6 - (B5 Bc5) C6 {b6C7 + (B6 C7) [B7C8 + (B7 C8)B8Bc8]| 

B7 = B6 C7 [B7C8 + (B7 C8)B8Bc8] 

B8 - B7 C8 ® B8Bc8 r -. 

Bc8 = (B8 ® Bc8)C9 + (B8 Bc8 C9) -JB9C10 + (B9 C10)[b10C11 + (BIO ® Cll)BllBcll]j 

B9 - (B8 Bc8) ® C9 ® {b9C10 + (B9 ClO)[B10Cll + (BIO Cll)BllBcll]} 

BIO - B9 CIO [B10C11 + (BIO Cll)BllBcll] 

Bll = BIO Cll ® BllBcll r -j 

Bell - (Bll ® Bcll)C12 + (Bll Bell ® C12XB12C13 + (B12 ® C13) [B13C14 + (B13 C14)Bl4Bcl4)| 

B12 « (Bll Bell) C12 ® {b12C13 + (B12 C13) [B13C14 + (B13>0 Cl4)Bl4Bcl4]f 

B13 « B12 © C13 IB13C14 + (B13 C14)B14Bcl4) 

B14 - B13 C14 ® B14Bcl4 r ") 

Bcl4 - (B14 ® Bcl4)C15 + (B14 ® Bcl4 C15)|b15C16 + (B15 Cl6)[B16C17 + (B16 ® Cl7)B17Bcl7]j 

B15 - (B14 ® Bcl4) C15 (b15C16 + (B15 ® C16) [B16C17 + (B16 Cl7)B17Bcl7]V 

B16 « B15 ® C16® [B16C17 + (B16 Cl7)B17Bcl7] J 

B17 = B16 C17 ® B17Bcl7 r 1 

Bcl7 - (B17 Bcl7)Cl8 + (B17 ® Bcl7 C18){b18C19 + (B18 C19)[b19C20 + (B19 C20)B20Bc20jj 

B18 - (B17 Bcl7) C18 ®{b18C19 + (B18 C19)[B19C20 + (B19 C20)B20Bc20]V 

B19 - B18 C19 [B19C20 + (B19 C20)B20Bc20] J 

B20- » B19 C20 ® B20Bc20 r -j 

Bc20 = (B20 Bc20)C21 + (B20 ® Bc20 C21)JB2lC22 + (B21 C22)[B22C23 + (B22 C23)B23Bc23]| 

B21 - (B20 Bc20) C21 |b21C22 + (B21 C22)[B22C23 + (B22 C23)B23Bc23]| 

B22 * B21 ® C22 [B22C23 + (B22 ® C23)B23Bc23] 

B23 - B22 ® C23 B23Bc23 

Bc23 - B23Bc23 
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B Register Right One (Brl) 



BO - BOO 

Bl - BO 

B2 « Bl 

Bc2 » B2Bc2 

B3 - B2 ® Bc2 

B4 « B3 

B5 * B4 

Bc5 = B5Bc5 

B6 - B5 ® Bc5 

B7 - B6 

B8 = B7 

Bc8 « B8Bc8 

B9 - B8 ® Bc8 
BIO - B9 
Bll - BIO 
Bell « BllBcll 

B12 - Bll® Bell 
B13 - B12 
B14 - B13 
Bcl4 ■ Bl4Bcl4 

B15 - B14 ® Bcl4 
B16 - B15 
B17 - B16 
Bcl7 - B17Bcl7 

B18 - B17 ® Bcl7 
B19 = B18 
B20 ■ B19 
Bc20 m B20Bc20 

B21 - B20 ® Bc20 
B22 « B21 
B23 = B22 
Bc23 ■ B23Bc23 
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A Left Two (AL2) B Register 



BO - B2 © Bc2 

Bl « B3 

B2 - B4 

Bc2 - B5Bc5 

B3 « B5 © Bc5 

B4 * B6 

B5 - B7 

Bc5 - B8Bc8 

B6 m B8© Bc8 

B7 - B9 

B8 m BIO 

Bc8 « BilBcll 

B9 - Bll © Bell 
BIO - B12 
Bll - B13 
Bell ■ B14Bcl4 

B12 « Bl4©Bcl4 
B13 m B15 
B14 - B16 
Bcl4 - Bl7Bcl7 

B15 - B17 © Bcl7 
B16 - B18 
B17 - B19 
Bcl7 - B20Bc20 

B18 - B20 © Bc20 
B19 - B21 
B20 « B22 
Bc20 - B23Bc23 

B21 - B23 © Bc23 
B22 « AO 
B23 - Al 
Bc23 ■ 
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